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Description \ 

This Invention relates to a vascular endothelial cell growth factor and to the means and methods for its production 
in therapeutically significant quantities. 

s Considerable research has been devoted to the morphology and physiology of the secretory cells of the anterior 

pituitary and pars tuberalis. However, until recently, little was known about the function of the follicular or follicuto- 
steltete cells (FC), a morphologically well characterized population of granular cells. The FC ar stellate cells that send 
cytoplasmic processes between secretory cells. 

A method for the culture of homogeneous populations of FC is described by Ferrara et al, Meth. Enz. (ed. Conn, 

10 P.M.), Vol. 124, pp. 245-253 (Academic Press, New \brk, 1986). The growth pattern and expression of the dome 
formation by FC in culture and their ultrastructure have been elucidated. Ferrara et al„ AmJ, Physiol., 252 : E304-312 
(1987). In addition, FC have been characterized as ton transport elements, possibly involved in the regulation of ion 
composition and osmolarity of the interstitial fluid in the adenohypophysial cell cords. Ferrara and Gospodarowitz, 
Biochem. Biophvs. Res. Comm., 157 : 1 376-1 382 (1 988). In addition, FC produce the angiogenic mitogen basic tibrob- 

is last growth factor (bFGF). Ferrara et al.. Proc. Natl. Acad. Sci. . U.S.A., 84: 5773-5777 (1987). 

The gene encoding bFGF, disclosed in Abraham et al., EMBO J . 5: 2523-2529 (1986), does not code for a con- 
ventional signal peptide, required for the extracellular transport of proteins according to classical secretory pathways. 
Walter and Blobel, J. Cell. Biol. , 91: 557-561 (1981). Neither does the gene coding for acidic fibroblast growth factor 
(aFGF), disclosed in Jaye et al., Science , 233 : 541-544 (1986). Accordingly, the growth factor is not appreciably se- 

20 crated into the medium f Moscatelli et al. . J. Cell PhvsioL 1 29 : 273-277 (1986); Klaosburn et al.. Proc. Natl. Acad. Sci. 
USA, 83: 2448-2452 (1986)], and responsive cell types are dependent on exogenous bFGF for optimal proliferation in 
culture, even though they may contain significant intracellular concentrations of the mitogen. NeufekJ et al., Endocrinol- 
ogy , 121 : 597-602 (1987); Schweigerer et al.. Endocrinology , 120 : 796-802 (1987); Schweiger et al., Exp. Eve Res. , 
46: 71 -80 (1988). It has been suggested that bFGF may be incorporated into the basement membrane and be subse- 
ts quently released in a soluble form only when the matrix is degraded following the action of specific enzymes. Vlodavsky 
et al., Proc. Natl. Acad. Sci. USA, 84: 2282-2286 (1 987). Such a mechanism of release suggests a role for the growth 
factor mostly or exclusively in events that involve degradation of the basement membrane or cell lysis, such as organ 
remodeling, wound healing, or neoplasia. Folkman and Klagsbrun, Science, 235: 442-447 (1987). 

Moreover, bFGF and aFGF are both potent mitogens for corneal endothelial cells, lens epithelial cells, BHK-21 

30 fibroblasts, adrenal cortex cells, and keratinocytes, as well as vascular endothelial cells. Gospodarowicz et al., Endo- 
crine Reviews , 8: 95-114 (1987); Baird et al.. Recent Proa. Horm. Res. . 42: 143-186 (1986). , . 

A vascular endothelial cell mitogen was isolated and described by Plouet and Gospodarowicz, The International 
Symposium on the Development of the vascular System , Madison, Wl ( April 23-26, 1 989, entitled "Isolation and Char- 
acterization of a New vascular Cell Mitogen: Vasculotropin." Most recently, a heparin-binding endothelial cell growth 

35 factor called vascular endothelial growth factor was identified and purified from media conditioned by bovine pituitary 
follicular or folliculostellate cells. Ferrara and Henzel, Biophvs. Res. Comm. , 161 : 851 (1989). 

There is a need for a growth factor that, in contrast to aFGF and bFGF, is not sequestered inside the cell source 
but rather secreted, with resultant direct access to target cells. Such a growth factor may play a more dynamic role in 
the physiological regulation of vascular endothelial cell proliferation, either in the cyclical growth of blood vessels that 

40 takes place in organs such as the corpus luteum [Bassett, Am. J. Anat. . 73: 251 -259 (1 943)] or in the tonic maintenance 
of the differentiated state of the endothelium in the vascular tree. 

There is also a need for a growth factor that is specific for vascular endothelial cells, in contrast to aFGF and bFGF, 
which are active on a very broad spectrum of cells. Such specificity may be useful therapeutically tor conditions in 
which a selective action on the vascular endothelial cells, in the absence of excessive connective tissue proliferation, 

45 is desirable, such as diabetic ulcers or traumatic vascular injuries. 

Although a vascular endothelial cell growth factor meeting the above needs can be isolated and purified from 
natural sources for subsequent use, the relatively low concentration of the protein in FC and the high cost, both in 
terms of effort and expense, of recovering in commercial quantities purified growth factor from FC hinder its broad- 
scale use. 

so Accordingly, it is an object of the present invention to isolate DNA encoding a vascular endothelial cell growth 

factor and to produce commercially useful quantities of the protein from a therapeutically acceptable source. 

It is a further object to obtain the vascular endothelial cell growth factor in a form unaccompanied by the gtyco- 
sytation associated with the corresponding native growth factor. 

It is an additional object to prepare amino acid sequence and other variants of the vascular endothelial cell growth 
55 factor that do not substantially adversely affect the biological activity of the protein. 

It is yet another object to produce a vascular endothelial ceil growth factor completely free of other naturally oc- 
curring (source) proteins. 

These and other objects of the invention will be apparent from the specification as a whole. 
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The objects of this invention are accomplished by expression of a gene encoding vascular endothelial cell growth 
factor In recombinant cell culture, a process that fundamentally comprises providing nucleic acid encoding the growth 
factor, transforming host cells with the growth factor-encoding nucleic acid, and culturing the cells to express the nucleic 
acid encoding the growth factor in the host cell culture. 

5 in one specific embodiment, this Invention encompasses an isolated nucleic acid sequence comprising a sequence 

that encodes a vascular endothelial cell growth factor having a molecular weight of about 45,000 daltons under non- 
reducing conditions and about 23,000 under reducing conditions as measured by SDS-PAGE. 

In another aspect the invention provides an isolated DNA sequence comprising a sequence that hybridizes to the 
DNA sequence: 5*-CCTATGGCTGAAGGCGGCCAGAAGCCTCACGAAGTGGTGAAGTTCATGGACG TGTATCA-3' 

io when incubated therewith at 42°C in 20% formamide, 5 x SSC, 50 mM sodium phosphate pH 6.8. 0.1% sodium pyro- 
phosphate, 5 x Denhardt's solution, and 50u.g/ml salmon sperm DNA, and washed with 2 x SSC, 0.1% SDS at 42°C, 
wherein said sequence contains at least about ten nucleotides. 

In still another aspect, the invention provides an isolated DNA sequence comprising a sequence that hybridizes 
to the DNA sequence of Fig. 2 when incubated therewith at 42°C in 50% formamide, 5 x SSC, 50 mM sodium phosphate 

/s pH 6.8, 0.1% sodium pyrophosphate, 5 x Denhardt's solution, and 50 u.g/ml salmon sperm DNA, and washed with 0.2 
x SSC, 0.1% SDS at 42°C, wherein said isolated sequence contains at least about ten nucleotides. 

The DNA sequence may also be characterized as comprising a DNA sequence encoding a vascular endothelial 
cell growth factor having an amino acid sequence sufficiently duplicative of that of vascular endothelial cell growth 
factor to allow it to possess the biological property of (a) promoting growth selectively of vascular endothelial cells but 

20 not bovine corneal endothelial cells, lens epithelial cells, adrenal cortex cells, BHK-21 fibroblasts, or keratinocytes, or 
(b) cross-reacting immunologically with an antibody raised against at least one epitope of the corresponding native 
protein. 

In other embodiments, the invention relates to (1) labeled DNA sequences for assay purposes, (2) DNA sequences 
operably linked to a promoter, (3) expression vectors comprising the DNA sequence described above operably linked 
25 to control sequences recognized by a host transformed by the vector, and (4) host cells transformed with the expression 
vector described above. 

Further aspects of the invention are directed to novel forms of the naturally occurring vascular endothelial cell 
growth factor, including the factor that is unaccompanied by associated native glycosylation, has at least about 80% 
homology with the amino acid sequence of the mature protein shown in Fig. 2 or Fig. 10, and possesses one or both 

30 of the biological properties of (a) promoting growth selectively of vascular endothelial cells but not bovine corneal 
endothelial cells, lens epithelial cells, adrenal cortex cells, BHK-21 fibroblasts, or keratinocytes, or (b) cross-reacting 
immunologically with an antibody raised against at least one epitope of Ihe corresponding native protein. Such a vas- 
cular endothelial cell growth factor is generally obtained as a product of expression in heterologous recombinant cell 
culture. The growth factor in any form as a component of a recombinant cell culture is novel. 

35 In a further embodiment, the invention is directed to a pharmaceutical composition useful for promotion of vascular 

endothelial cell growth comprising a therapeutically effective amount of the recombinantly produced vascular endothe- 
lial cell growth factor in a pharmaceutically acceptable earner 

Also contemplated herein is a method for treating trauma affecting the vascular endothelium comprising adminis- 
tering to an animal or human suffering from said trauma an effective amount of the above described pharmaceutical 

40 composition. 

The present invention makes it possible to produce a vascular endothelial cell growth factor and/or derivatives 
thereof by recombinant techniques, as well as to provide products and methods related to such production. 

It is believed that the growth factor prepared by the method described herein is useful for treating conditions in 
which a selective action on the vascular endothelial cells, in the absence of excessive tissue growth, is important, for 
45 example, diabetic ulcers and vascular injuries resulting from trauma such as subcutaneous wounds. 

Other uses for the growth factor will be apparent to those skilled in the art 

Figure 1 depicts the oligonucleotide probe sequence used to screen bovine pituitary follicular cell libraries for cDN A 
clones for the growth factor, as well as the match to the cDNA sequence obtained. 

Figure 2 depicts the complete nucleotide and predicted amino acid sequence of the bovine vascular endothelial 
so cell growth factor herein from the p.vegf.6 clone. Predicted amino acids of the protein are shown below the DNA 
sequence and are numbered from the first residue of the N-terminus of the protein sequence. Negative amino acid 
numbers refer to the presumed leader signal sequence or preprotein, while positive numbers refer to the mature protein. 
The location of the oligonucleotide probe is indicated by underlining. 

Figure 3 depicts the construction of the starting expression vector pFBCIS used to construct the ultimate expression 
55 vector. 

Figure 4 depicts the construction of the intermediate vector pCIS2.8c24D for Factor VIII in which the Clal site is 
not effected by dam methylation. Also shown is the subcloning of 408 and 416 bp fragments of the Factor VIII coding 
region for construction of a fusion plasm id. 
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Figure 5 depicts the construction of the intermediate ptasmid pUC.8d28 containing the fusion region of a Factor 
VIII variant in a pUC vector. 

Figure 6 depicts the construction of the intermediate expression vector encoding a Factor Vfll variant protein 
pCIS2.8c28D. 

s Figure 7 depicts the construction of the expression vector pRK5 into which the DNA encoding the vascular en- 

dothelial cell growth factor was inserted. 

Figure 8 depicts the construction of the expression vector pRK5.vegf.6 used to transformed mammalian host cells 
to produce the growth factor. 

Figure 9 depicts the effects of the vascular endothelial cell growth factor on the growth of different cell types. CEC, 

10 corneal endothelial cells; BAC, bovine adrenal cortex cells; KTC, keratinocytes; LEG, lens epithelial cells; BHK-21, 
baby hamster kidney celts, cbne 21; ACC, adrenal cortex capillary endothelial cells; BBC, bovine brain capillary en- 
dothelial cells; HUVE, human umbilical vein endothelial cells; FBAE, feal bovine aortic endothelial celts; ABAE, adult 
bovine aortic endothelial cells. Cells were seeded in their respective growth media, incubated with a maximal concen- 
tration of the growth factor, and counted after 4 or 5 days. The results are expressed as a percent of appropriate control. 

is Figure 1 0 depicts the complete nucleotide and predicted amino acid sequence of the human vascular endothelial 

cell growth factor herein from the p.vegf.21 clone. Predicted amino acids of the protein are shown below the DNA 
sequence and are numbered from the first residue of the N-terminus of the protein sequence. Negative amino acid 
numbers refer to the presumed leader signal sequence or preprotein, while positive numbers refer to the mature protein. 
Figure 11 depicts the construction of the expression vector p.vegf.21 used to transformed mammalian host cells 

20 to produce the growth factor. 

Figure 12 depicts a comparison of the amino acid sequences of bovine (b) VEGF and human (h) VEGF, with the 
boxed amino acids indicating homologous regions. 

As used herein, Vascular endothelial cell growth factor," or "VEGF," refers to a mammalian growth factor derived 
originally from bovine pituitary follicular cells having the amino acid sequence of Fig. 2, together with analogues and 

25 variants thereof having the biological activity of the corresponding native VEGF, including the human amino acid se- 
quence of Fig. 10. The biological activity of native VEGF is shared by any analogue or variant thereof that is capable 
of promoting selective growth of vascular endothelial cells but not of bovine corneal endothelial cells, tens epithelial 
cells, adrenal cortex cells, BHK-21 fibroblasts, or keratinocytes, or that possesses an immune epitope that is immu- 
nologically cross-reactive with an antibody raised against at least one epitope of the corresponding native VEGF. 

30 Analogues or variants are defined as molecules in which the amino acid sequence, gtycosylation, or other feature 

of native VEGF has been modified covalently or noncovalently. Thus, variants may or may not have a molecular weight 
of approximately 45 kD (as determined by SDS-PAGE carried out in the absence of a reducing agent such as, e.g., 
mercaptoethanol or dilhiothreitol). For example, unglycosylated VEGF having the native mature sequence will have a 
lower molecular weight on non-reducing SDS-PAGE. Amino acid sequence variants include not only alleles of the Fig. 

35 2 sequence, but also predetermined mutations thereof. Generally, amino acid sequence variants have an amino acid 
sequence with at least about 80% homology, and more typically at least about 90% homology, to that of the native 
VEGF of Fig. 2. including variants with at least 95% homology, such as the human sequence shown in Fig. 10. Hence- 
forth, the term VEGF shall mean either the native sequence or a variant form unless otherwise appropriate. 

Thus, included within the scope of the present invention is a VEGF having the bovine VEGF amino acid sequence 

40 as set forth in Figure 2, analogous VEGF proteins from other species such as human, equine, porcine, ovine, canine, 
murine, feline VEGF, and the like, and biologically active amino acid sequence variants of these VEGF molecules, 
including alleles and in vitro -generated covalent derivatives of VEGF proteins that demonstrate its biological activity. 

The expression "trauma affecting the vascular endothelium" refers to trauma, such as injuries, to the blood vessels 
or heart, including the vascular network of organs, to which an animal or human, preferably a mammal and most 

45 preferably a human, is subjected. Examples of such trauma include wounds, incisions, and ulcers, most preferably 
diabetic ulcers and wounds or lacerations of the blood vessels or heart. Trauma includes conditions caused by internal 
events as well as those that are imposed by an extrinsic agent such as a pathogen, that can be improved by promotion 
of vascular endothelial cell growth. 

Derivatives and amino acid sequence variants of VEGF are useful for their biological activity as it relates to ther- 

so apeutic utility, as is set forth elsewhere herein, as well as for their ability to bind to anti-VEGF antibodies. The derivatives 
and variants possessing the latter characteristic are useful in purifying antibodies or, when labeled, as reagents in 
immunoassays for VEGF, whether or not such derivatives and variants retain their therapeutic biological activity. 

Covalent modifications of a VEGF molecule are included within the scope of this invention, variant VEGF fragments 
having up to about 100 residues may be conveniently prepared by jn vitro synthesis. Such modifications may be intro- 

55 duced into the molecule by reacting targeted amino acid residues ol the purified or crude protein with an organic 
derivatizing agent that is capable of reacting with selected side chains or terminal residues. The resulting covalent 
derivatives are useful in programs directed at identifying residues important for biological activity. 

Cysteinyl residues most commonly are reacted with a-haloacetates (and corresponding amines), such as chloro- 
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acetic acid or chtoroacetamide, to give carboxymethyl or carboxyamidomethyl derivatives. Cysteinyl residues also are 

derivatized by reaction with bromotrifluoroacetone, a-bromo-P-(5-imidozoyl)proptonic acid, chloroacetyl phosphate, N- 

atkytmateimides, 3-nitro-2-pyridyl disulfide, methyl 2-pyridyl disulfide, p-chbromercuribenzoate, 2-chloromercuri-4-ni- 

trophenol, or chloro-7-nitrobenzo-2-oxa-1,3-diazole. 
5 Histidyl residues are derivatized by reaction with diethylpyrocarbonate at pH 5.5-7.0 because this agent is relatively 

specific for the histidyl side chain. Parabromophenacyl bromide also is useful; the reaction is preferably performed in 

0.1M sodium cacodylate at pH 6.0. 

Lysinyl and amino terminal residues are reacted with succinic or other carboxylic acid anhydrides. Derivatization 

with these agents has the effect of reversing the charge of the lysinyl residues. Other suitable reagents for derivatizing 
io a-amino-containing residues include imidoesters such as methyl picolinimidate; pyridoxal phosphate; pyridoxal; chlo- 

roborohydride; trinitrobenzenesulfonic acid; O-methylisourea; 2,4-pentanedione; andtransaminase-catalyzed reaction 

with glyoxylate. 

Arginyl residues are modified by reaction with one or several conventional reagents, among them phenylglyoxal, 
2,3-butanedione, 1,2-cyclohexanedione, and ninhydrin. Derivatization of arginine residues requires that the. reaction 
is be performed in alkaline conditions because of the high pK a of the guanidine functional group. Furthermore, these 
reagents may react with the groups of lysine as wilt as the arginine epsilon-amino group. 

The specific modification of tyrosyl residues joerse has been studied extensively, with particular interest in intro- 
ducing spectral labels into tyrosyl residues by reaction with aromatic diazonium compounds or tetranitromethane. Most 
commonly, N-acetylimkJizol and tetranitromethane are used to form Oacetyl tyrosyl species and 3-nilro derivatives, 
20 respectively. Tyrosyl residues are iodinated using 125 l or 131 1 to prepare labeled proteins for use in radioimmunoassay, 
the chloramine T method described above being suitable. 

Carboxyl side groups (aspartyl or glutamyl) are selectively modified by reaction with carbodiimides (R'-N-C-N-R*) 
such as 1 -cyctohexyl-3-(2-moroholinyl-(4-ethyl) carbodiimide or 1 -ethyl-3-(4-azonia-4,4-dimethylpentyl) carbodiimide. 
Furthermore, aspartyl and glutamyl residues are converted to asparaginyl and glutaminy! residues by reaction with 
25 ammonium ions. 

Derivatization with bif unctional agents is useful for crosslinking the VEGF to a water-insoluble support matrix or 
surface for use in the method for purifying anti-VEGF antibodies. Commonly used crosslinking agents include, e.g., 
1,1-bis(diazoacetyl)-2-phenylethane, glutaraldehyde, N-hydroxysuccinimide esters, for example, esters with 4-azi- 
dosalicylic acid, homobilunctional imidoesters, including disuccinimidyl esters such as 3,3'<Jithiobis(succinimidylpro- 

30 pionate), and bif unctional maleimkJes such as bis-N-maleimido-1 ,8-octane. Derivatizing agents such as methyl-3-[(p- 
azidophenyl)dithio]propioimidate yield photoactivatable intermediates that are capable of forming crosslinks in the pres- 
ence of light. Alternatively, reactive water-insoluble matrices such as cyanogen bromide-activated carbohydrates and 
the reactive substrates described in U.S. Pat Nos. 3,969,287; 3,691,016; 4,195,128; 4,247,642; 4,229,537; and 
4,330,440 are employed for protein immobilization. 

35 Glutaminy I and asparaginyl residues are frequently deamidated to the corresponding glutamyl and aspartyl resi- 

dues. Alternatively, these residues are deamidated under mildly acidic conditions. Either form of these residues falls 
within the scope of this invention. 

Other modifications include hydroxylation of proline and lysine, phosphorylation of hydroxyl groups of seryl or 
threonyl residues, methylation of the a-amino groups of lysine, arginine, and histidine side chains (T.E. Creighton, 

40 Proteins: Structure and Molecular Properties , W.H. Freeman & Co., San Francisco, pp. 79-86 [1983]), acetylatkxi of 
the N-terminal amine, and, in some instances, amidation of the C-terminal carboxyl group. 

Amino acid sequence variants of VEGF can also be prepared by mutations in the DNA. Such variants include, for 
example, deletions from, or insertions or substitutions of, residues within the amino acid sequence shown in Figure 2. 
Any combination of deletion, insertion, and substitution may also be made to arrive at the final construct, provided that 

45 the final construct possesses the desired activity. Obviously, the mutations that will be made in the DNA encoding the 
variant must not place the sequence out of reading frame and preferably will not create complementary regions that 
could produce secondary mRNA structure (see EP 75.444A). 

At the genetic level, these variants ordinarily are prepared by site-directed mutagenesis of nucleotides in the DNA 
encoding the VEGF, thereby producing DNA encoding the variant, and thereafter expressing the DNA in recombinant 

50 cell culture. The variants typically exhibit the same qualitative biological activity as the naturally occurring analog. 

While the site for introducing an amino acid sequence variation is predetermined, the mutation per se need not be 
predetermined. For example, to optimize the performance of a mutation at a given site, random mutagenesis may be 
conducted at the target codon or region and the expressed VEGF variants screened for the optimal combination of 
desired activity. Techniques for making substitution mutations at predetermined sites in DNA having a known sequence 

55 are well known, for example, site-specific mutagenesis. 

Preparation of VEGF variants in accordance herewith is preferably achieved by site -specific mutagenesis of DNA 
that encodes an earlier prepared variant or a nonvariant version of the protein. Site-specific mutagenesis allows the 
production of VEGF variants through the use of specific oligonucleotide sequences that encode the DNA sequence of 



5 



EP 0 471 754 B1 

the desired mutation, as well as a sufficient number of adjacent nucleotides, to provide a primer sequence of sufficient 
size and sequence complexity to form a 6table duplex on both sides of the deletion junction being traversed. Typically, 
a primer of about 20 to 25 nucleotides in length is preferred, with about 5 to 10 residues on both sides of the junction 
of the sequence being altered. In general, the technique of site-specific mutagenesis is well known in the art, as ex- 

s emplified by publications such as Adelman et al., DNA , 2: 183 (1 983). 

As will be appreciated, the site-specific mutagenesis technique typically employs a phage vector that exists in both 
a single-stranded and double-stranded form. Typical vectors useful in site-directed mutagenesis include vectors such 
as the M1 3 phage, for example, as disclosed by Messing et al.. Third Cleveland Symposium on Macromolecules and 
Recombinant DNA , Editor A. Walton, Elsevier, Amsterdam (1981). These phage are readily commercially available 

io and their use is generally well known to those skilled in the art. Alternatively, plasmid vectors that contain a single- 
stranded phage origin of replication (Veira et al., Meth. Enzvmol. , 153 : 3 [19S7J) may be employed to obtain single- 
stranded DNA. 

In general, site-directed mutagenesis in accordance herewith is performed by first obtaining a single-stranded 
vector that includes within its sequence a DNA sequence that encodes the relevant protein. An oligonucleotide primer 

is bearing the desired mutated sequence is prepared, generally synthetically, for example, by the method of Crea et al., 
Proc. Natl. Acad. Sci. (USA), 75: 5765 (1 978). This primer is then annealed with the single-stranded protein^sequence- 
containing vector, and subjected to DNA-polymerizmg enzymes such as E. coli polymerase I Klenow fragment, to 
complete the synthesis of the mutation-bearing strand. Thus, a heteroduplex is formed wherein one strand encodes 
the original non-mutated sequence and the second strand bears the desired mutation. This heteroduplex vector is then 

20 used to transform appropriate cells such as JM101 cells and clones are selected that include recombinant vectors 
bearing the mutated sequence arrangement. 

After such a clone is selected, the mutated protein region may be removed and placed in an appropriate vector 
for protein production, generally an expression vector of the type that may be employed for transformation of an ap- 
propriate host. 

25 Amino acid sequence deletions generally range from about 1 to 30 residues, more preferably 1 to 10 residues, 

and typically are contiguous. 

Amino acid sequence insertions include amino- and/or carboxyl-lerminal fusions of from one residue to polypep- 
tides of essentially unrestricted length, as well as intrasequence insertions of single or multiple amino acid residues. 
Intrasequence insertions (i.e., insertions within the mature VEGF sequence) may range generally from about 1 to 10 

30 residues, more preferably 1 to 5. An example of a terminal insertion includes a fusion of a signal sequence, whether 
heterologous or homologous to the host cell, to the N-terminus of the VEGF molecule to facilitate the secretion of 
mature VEGF from recombinant hosts. 

The third group of variants are those in which at least one amino acid residue in the VEGF molecule, and preferably 
only one, has been removed and a different residue inserted in its place. Such substitutions preferably are made in 

35 accordance with the following Table 1 when it is desired to modulate finely the characteristics of a VEGF molecule. 



Table 1 



Original Residue 


Exemplary Substitutions 


Ala (A) 


gly; ser 


Arg (R) 


lys 


Asn (N) 


gin; his 


Asp (D) 


glu 


Cys (C) 


ser 


Gin (Q) 


asn 


Glu (E) 


asp 


Gfy (G) 


ala; pro 


His (H) 


asn; gin 


He (I) 


leu; val 


Leu (L) 


ile; val 


Lys (K) 


arg; gin; glu 


Met (M) 


leu; tyr; ile 


Phe (F) 


met; leu; tyr 


Ser (S) 


thr 


Thr(T) 


ser 


Trp(W) 


tyr 
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Table 1 (continued) 



Original Residue 


Exemplary Substitutions 


Tyr(Y) 
Val(V) 


trp; phe 
ile; leu 



Substantial changes in function or immunological identity are made by selecting substitutions that are less con- 
servative than those in Table 1, i.e., selecting residues that differ more significantly in their effect on maintaining (a) 
the structure of the polypeptide backbone in the area of the substitution, for example, as a sheet or helical conformation, 

10 (b) the charge or hydrophobicity of the molecule at the target site, or (c) the bulk of the side chain. The substitutions 
that in general are expected to produce the greatest changes in VEGF properties will be those in which (a) glycine 
and/or proline (P) is substituted by another amino acid or is deleted or inserted; (b) a hydrophilic residue, e.g., seryl 
or threonyl, is substituted for (or by) a hydrophobic residue, e.g., leucyl, isoleucyl, phenylalanyl, valyl, or alanyl; (c) a 
cysteine residue is substituted for (or by) any other residue; (d) a residue having an electropositive side chairve.g-, 

15 lysyl, arginyl, or histidyl, is substituted for (or by) a residue having an electronegative charge, e.g., glutamyl or aspartyl; 
or (e) a residue having a bulky side chain, e.g., phenylalanine, is substituted for (or by) one not having such a side 
chain, e.g., glycine. 

Most deletions and insertions, and substitutions in particular, are not expected to produce radical changes in the 
characteristics of the VEGF molecule. However, when it is difficult to predict the exact effect of the substitution, deletion, 

20 or insertion in advance of doing so, one skilled in the art will appreciate that the effect will be evaluated by routine 
screening assays. For example, a variant typically is made by site-specific mutagenesis of the native VEGF-encoding 
nucleic acid, expression of the variant nucleic acid in recombinant cell culture, and, optionally, purification from the cell 
culture, for example, by immunoaffinity adsorption on a rabbit polyclonal anti-VEGF column (to absorb the variant by 
binding it to at least one remaining immune epitope). 

25 Since VEGF tends to aggregate into dimers, it is within the scope hereof to provide hetero- and homodimers, 

wherein one or both subunits are variants. Where both subunits are variants, the changes in amino acid sequence can 
be the same or different for each sub unit chain. Heterodimers are readily produced by cotransforming host cells with 
DNA encoding both subunits and, if necessary, purifying the desired heterodimer, or by separately synthesizing the 
subunits, dissociating the subunits (e.g., by treatment with a chaotropic agent such as urea, guanidine hydrochloride, 

30 or the like), mixing the dissociated subunits, and then reassociating the subunits by diatyzing away the chaotropic agent. 

The activity of the cell lysate or purified VEGF variant is then screened in a suitable screening assay for the desired 
characteristic. For example, a change in the immunological character of the VEGF molecule, such as affinity for a given 
antibody, is measured by a competitive-type immunoassay. Changes in the enhancement or suppression of vascular 
endothelium growth by the candidate mutants are measured by the appropriate assay. Modifications of such protein 

35 properties as redox or thermal stability, hydrophobicity, susceptibility to proteolytic degradation, or the tendency to 
aggregate with carriers or into multimers are assayed by methods well known to the ordinarily skilled artisan. 

The VEGF molecule desired may be prepared by any technique, including recombinant methods. Likewise, an 
isolated DNA is understood herein to mean chemically synthesized DNA, cDNA, chromosomal, or extrachromosomal 
DNA with or without the 3'- and/or 5'flanking regions. Preferably, the desired VEGF herein is made by synthesis in 

40 recombinant cell culture. 

For such synthesis, it is first necessary to secure nucleic acid that encodes a VEGF. DNA encoding a VEGF 
molecule may be obtained from bovine pituitary follicular cells by (a) preparing a cDNA library from these cells, (b) 
conducting hybridization analysis with labeled DNA encoding the VEGF or fragments thereof (up to or more than 1 00 
base pairs in length) to detect clones in the library containing homologous sequences, and (c) analyzing the clones by 

45 restriction enzyme analysis and nucleic acid sequencing to identify full-length clones. DNA that is capable of hybridizing 
to a VEGF-encoding DNA under low stringency conditions is useful for identifying DNA encoding VEGF. Both high and 
low stringency conditions are defined further below. If full-length clones are not present in a cDNA library, then appro- 
priate fragments may be recovered from the various clones using the nucleic acid sequence information disclosed 
herein for the first time and ligated at restriction sites common to the clones to assemble a full-length clone encoding 

50 the VEGF. Alternatively, genomic libraries will provide the desired DNA. The sequence of the DNA encoding bovine 
VEGF that was ultimately determined is shown in Fig. 2. The sequence of the DNA encoding human VEGF that was 
ultimately determined by probing a human leukemia cell line is shown in Fig. 10. 

Once this DNA has been identified and isolated from the library it is ligated into a replicable vector for further 
cloning or for expression. 

55 In one example of a recombinant expression system a VEGF-encoding gene is expressed in mammalian cells by 
transformation with an expression vector comprising DNA encoding the VEGF. It is preferable to transform host cells 
capable of accomplishing such processing so as to obtain the VEGF in the culture medium or periplasm of the host 
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cell, t.e.» obtain a secreted molecule. 

The vectors and methods disclosed herein are suitable for use in host cells over a wide range of prokaryotic and 
eukaryotic organisms. 

In general, of course, prokaryotes are preferred tor the initial cloning of DNA sequences and construction of the 
5 vectors useful in the invention. For example, E. coli K12 strain MM 294 (ATCC No. 31 .446) is particularly useful. Other 
microbial strains that may be used include E. coli strains such as E. coli B and E. coli X1776 (ATCC No. 31 ,537). These 
examples are, of course, intended to be illustrative rather than limiting. 

Prokaryotes may also be used for expression. The aforementioned strains, as well as E. coli strains W3110 (F-, 
lambda-, prototrophic, ATCC No. 27,325), K5772 (ATCC No. 53,635), and SR101 , bacilli such as Bacillus subtitis , and 
io other enterobacteriaceae such as Salmonella typhimurium or Serratia marcesans . and various pseudomonas species, 
may be used. 

In general, plasmid vectors containing replicon and control sequences that are derived from species compatible 
with the host cell are used in connection with these hosts. The vector ordinarily carries a replication site, as well as 
marking sequences that are capable of providing phenotypic selection in transformed cells. For example, E. oeli is 

is typically transformed using pBR322, a plasmid derived from an E. coli species (see, e.g., Bolivar et al., Gene , 2: 95 
[1 977)). pBR322 contains genes for ampicillin and tetracycline resistance and thus provides easy means for identifying 
transformed cells. The pBR322 plasmid, or other microbial plasmid or phage, must also contain, or be modified to 
contain, promoters that can be used by the microbial organism for expression of its own proteins. 

Those promoters most commonly used in recombinant DNA construction include the p-lactamase (penicillinase) 

20 and lactose promoter systems (Chang et al.. Nature . 375 : 61 5 [1 9781; Itakura et al.. Science , 198 : 1 056 [1 977]; Goeddel 
et al., Nature , 281 : 544 [1979]) and a tryptophan (trp) promoter system (Goeddel et al., Nucleic Acids Res. , 8: 4057 
[1980]; EPO Appl. Publ. No. 0036,776). While these are the most commonly used, other microbial promoters have 
been discovered and utilized, and details concerning their nucleotide sequences have been published, enabling a 
skilled worker to ligate them functionally with plasmid vectors (see, e.g., Siebenlist et al., Cel], 20: 269 [1980]). 

25 in addition to prokaryotes, eukaryotic microbes, such as yeast cultures, may also be used. Saccharomvces cere- 

visiae , or common baker's yeast, is the most commonly used among eukaryotic microorganisms, although a number 
of other strains are commonly available. For expression in Saccharomvces , the plasmid YRp7, for example (Stinchcomb 
etaL Nature . 282 : 39 [1979]; Kingsman et al.. Gene , 7: 141 [1979]; Tschemper etal., Gene, 10: 157 [1980]), is com- 
monly used. This plasmid already contains the trpj gene that provides a selection marker for a mutant strain of yeast 

30 lacking the ability to grow in tryptophan, for example, ATCC No. 44,076 or PEP4-1 (Jones, Genetics , 85: 12 [1977]). 
The presence of the trpj lesion as a characteristic of the yeast host cell genome then provides an efleclive environment 
for detecting transformation by growth in the absence ol tryptophan. 

Suitable promoting sequences in yeast vectors include the promoters for 3-phosphoglycerate kinase (Hitzeman 
et at., J. Biol. Chem. , 255 : 2073 [1 980]) or other glycolytic enzymes (Hess et al., J. Adv. Enzyme Reg. , 7: 1 49 [1 968]; 

35 Holland et al., Biochemistry , V7: 4900(1 978]). such as enolase, glyceraldehyde-3-phosphate dehydrogenase, hexoki- 
nase, pyruvate decarboxylase, phosphofructokinase, glucose-6-phosphate isomerase, 3-phosphoglycerate mutase, 
pyruvate kinase, trbsephosphate isomerase, phosphoglucose isomerase, and glucokinase. In constructing suitable 
expression plasmids, the termination sequences associated with these genes are also tigated into the expression 
vector 3' of the sequence desired to be expressed to provide polyadenylation of the mRNA and termination. Other 

40 promoters, which have the additional advantage of transcription controlled by growth conditions, are the promoter 
region for alcohol dehydrogenase 2, isocytochrome C, acid phosphatase, degradative enzymes associated with nitro- 
gen metabolism, and the aforementioned gtyceraldehyde-3-phosphate dehydrogenase, and enzymes responsible for 
maltose and galactose utilization. Any plasmid vector containing yeast-compatible promoter, origin of replication and 
termination sequences is suitable. 

45 in addition to microorganisms, cultures of cells derived from multicellular organisms may also be used as hosts. 

In principle, any such cell culture is workable, whether from vertebrate or invertebrate culture. However, interest has 
been greatest in vertebrate cells, and propagation of vertebrate cells in culture (tissue culture) has become a routine 
procedure in recent years fTissue Culture , Academic Press, Kruse and Patterson, editors (1 973)]. Examples of such 
useful host cell lines are VERO and HeLa cells, Chinese hamster ovary (CHO) cell lines, and W138, BHK, COS-7, 

so 293, and MDCK cell lines. Expression vectors for such cells ordinarily include (if necessary) an origin of replication, a 
promoter located in front of the gene to be expressed, along with any necessary ribosome binding sites, RNA splice 
sites, polyadenylation sites, and transcriptional terminator sequences. 

For use in mammalian cells, the control functions on the expression vectors are often provided by viral material. 
For example, commonly used promoters are derived from polyoma, Adenovirus2, and most frequently Simian virus 

55 40 (SV40). The early and late promoters of SV40 virus are particularly useful because both are obtained easily from 
the virus as a fragment that also contains the SV40 viral origin of replication [Fiers et al., Nature . 273: rt3 (1978)]. 
Smaller or larger SV40 fragments may also be used, provided there is included the approximately 250-bp sequence 
extending from the Hindlll site toward the Bq1l site located in the viral origin of replication. Further, it is also possible, 
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and often desirable, to utilize promoter or control sequences normally associated with the desired gene sequence, 
provided such control sequences are compatible with the host cell systems. 

An origin of replication may be provided either by construction of the vector to include an exogenous origin, such 
as may be derived from SV40 or other viral (e.g., Polyoma, Adeno, VSV, BPV) source, or may be provided by the host 
s cell chromosomal replication mechanism. If the vector is integrated into the host cell chromosome, the latter is often 
sufficient 

Satisfactory amounts of protein are produced by cell cultures; however, refinements, using a secondary coding 
sequence, serve to enhance production levels even further One secondary coding sequence comprises dihydrofolate 
reductase (DHFR) that is affected by an externally controlled parameter, such as methotrexate (MTX), thus permitting 

io control of expression by control of the methotrexate concentration. 

In selecting a preferred host cell for transfection by the vectors of the invention that comprise DNA sequences 
encoding both VEGF and DHFR protein, it is appropriate to select the host according to the type of DHFR protein 
employed. If wild-type DHFR protein is employed, it is preferable to select a host cell that is deficient in DHFR, thus 
permitting the use of the DHFR coding sequence as a marker for successful transfection in selective medium that. lacks 

is hypoxanthine, glycine, and thymidine. An appropriate host cell in this case is the Chinese hamster ovary (CHO) cell 
line deficient in DHFR activity, prepared and propagated as described by Urlaub and Chasin, Proc. Natl. Acad. Sci. 
(USA) 77: 4216(1980). 

On the other hand, if DHFR protein with low binding affinity for MIX is used as the controlling sequence, it is not 
necessary to use DHFR-deficient cells. Because the mutant DHFR is resistant to methotrexate, MTX-containing media 
20 can be used as a means of selection provided that the host cells are themselves methotrexate sensitive. Most eukaryotic 
cells that are capable of absorbing MTX appear to be methotrexate sensitive. One such useful cell line is a CHO line, 
CHO-KI (ATCC No. CCL61). 

Construction of suitable vectors containing the desired coding and control sequences employs standard ligation 
techniques. Isolated plasmids or DNA fragments are cleaved, tailored, and retigated in the form desired to prepare the 
25 plasmids required. 

If blunt ends are required, the preparation may be treated for 15 minutes at 15°C with 10 units of Polymerase I 
(Klenow), phenol-chloroform extracted, and ethanol precipitated. 

Size separation of the cleaved fragments may be performed using 6 percent polyacrylamide gel described by 
Goeddel et al„ Nucleic Acids Res. , 8: 4057 (1 980). 

30 For analysis to confirm correct sequences in plasmids constructed, the ligation mixtures are typically used to trans- 

form E. coli K12 strain 294 (ATCC 31,446) or other suitable E. coli strains, and successful transformanls selected by 
ampicillin or tetracycline resistance where appropriate. Plasmids from the transformants are prepared and analyzed 
by restriction mapping and/or DNA sequencing by the method of Messing et al., Nucleic Acids Res. , 9: 309 (1981) or 
by the method of Maxam et al.; Methods of Enzvmotoqy . 65: 499 (1 980). 

3S After introduction of the DNA into the mammalian cell host and selection in medium for stable transfectants, am- 

plification of DHFR-protein-coding sequences is effected by growing host cell cultures in the presence of approximately 
20,000-500,000 pM concentrations of methotrexate, a competitive inhibitor of DHFR activity. The effective range of 
concentration is highly dependent, of course, upon the nature of the DHFR gene and the characteristics of the host. 
Clearly, generally defined upper and lower limits cannot be ascertained. Suitable concentrations of other folic acid 

40 analogs or other compounds that inhibit DHFR could also be used. MTX itself is, however, convenient, readily available, 
and effective. 

Other techniques employable are described in a section just prior to the examples. 

The VEGF molecules herein have a number of therapeutic uses associated with the vascular endothelium. Such 
uses include the treatment of traumata to the vascular network, in view of the demonstrated rapid promotion by VEGF 

45 of the proliferation of vascular endothelial cells that would surround the traumata. Examples of such traumata that 
could be so treated include, but are not limited to, surgical incisions, particularly those involving the heart, wounds, 
including lacerations, incisions, and penetrations of blood vessels, and surface ulcers involving the vascular endothe- 
lium such as diabetic, haemophiliac, and varicose ulcers. Other physiological conditions that could be improved based 
on the selective mitogenic character of VEGF are also included herein. 

so For the traumatic indications referred to above, the VEGF molecule will be formulated and dosed in a fashion 

consistent with good medical practice taking into account the specific disorder to be treated, the condition of the indi- 
vidual patient, the site of delivery of the VEGF, the method of administration, and other factors known to practitioners. 
Thus, for purposes herein, the therapeutically effective amount* of the VEGF is an amount that is effective either to 
prevent, lessen the worsening of, alleviate, or cure the treated condition, in particular that amount which is sufficient 

55 to enhance the growth of vascular endothelium in vivo. 

VEGF amino acid sequence variants and derivatives that are immunologically crossreactive with antibodies raised 
against native VEGF are useful in immunoassays for VEGF as standards, or, when labeled, as competitive reagents. 
The VEGF is prepared for storage or administration by mixing VEGF having the desired degree of purity with 
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physiologically acceptable carriers, excipients. or stabilizers. Such materials are non-toxic to recipients at the dosages 
and concentrations employed. If the VEGF is water soluble, it may be formulated in a buffer such as phosphate or 
other organic acid salt preferably at a pH of about 7 to 8. If a VEGF variant is only partially soluble in water, it may be 
prepared as a mteroemulston by formulating it with a nonionic surfactant such as Tween, Pluronics, or PEG, e.g., Tween 

5 80, in an amount of 0.04-0.05% (w/v), to increase its solubility. 

Optionally other ingredients may be added such as antioxidants, e.g., ascorbic acid; tow molecular weight (less 
than about ten residues) polypeptides, e.g., polyarginine or tripeptides; proteins, such as serum albumin, gelatin, or 
immunoglobulins; hydrophilic polymers such as polyvinylpyrrolidone; amino acids, such as glycine, glutamic acid, as- 
partic acid, or arginine; monosaccharides, disaccharides, and other carbohydrates including cellulose or its derivatives, 

10 glucose, mannose, or dextrins; chelating agents such as EDTA; and sugar alcohols such as mannitol or sorbitol. 

The VEGF to be used for therapeutic administration must be sterile. Sterility is readily accomplished by filtration 
through sterile filtration membranes (e.g., 0.2 micron membranes). The VEGF ordinarily will be stored in lyophilized 
form or as an aqueous solution if it is highly stable to thermal and oxidative denaturation. The pH of the VEGF prepa- 
rations typically will be about from 6 to 8, although higher or lower pH values may also be appropriate in certain in- 

15 stances. It will be understood that use of certain of the foregoing excipients, carriers, or stabilizers will result in the 
formation of salts of the VEGF 

If the VEGF is to be used parenteral^, therapeutic compositions containing the VEGF generally are placed into a 
container having a sterile access port, for example, an intravenous solution bag or vial having a stopper pierceable by 
a hypodermic injection needle. 

20 Generally, where the disorder permits, one should formulate and dose the VEGF for site-specific delivery. This is 

convenient in the case of wounds and ulcers. 

Sustained release formulations may also be prepared, and include the formation of microcapsular particles and 
implantable articles. For preparing sustained-release VEGF compositions, the VEGF is preferably incorporated into a 
biodegradable matrix or microcapsule. A suitable material for this purpose is a polylactide, although other polymers of 

25 poly-(a-hydroxycarboxylic acids), such as poly-D-(-)-3-hydroxybutyric acid (EP 1 33.988A), can be used. Other biode- 
gradable polymers include poly(lactones), poly(acetals), poly(orthoesters), or poly(orthocarbonates). The initial con- 
sideration here must be that the carrier itself, or its degradation products, is nontoxic in the target tissue and will not 
further aggravate the condition. This can be determined by routine screening in animal models of the target disorder 
or, if such models are unavailable, in normal animals. 

30 For examples of sustained release compositions, see U.S. Patent No. 3,773,919, EP 58,481 A, U.S. Patent No. 

3,887,699, EP 158,277 A, Canadian Patent No. 1176565, U. Sidman et al., "Biopolymers" 22:547 [1983], and R Langer 
et al., "Chem. Tech." 12:98 [1982]. 

When applied topically, the VEGF is suitably combined with other ingredients, such as carriers and/or adjuvants. 
There are no limitations on the nature of such other ingredients, except that they must be pharmaceutically acceptable 

35 and efficacious for their intended administration, and cannot degrade the activity of the active ingredients of the com- 
position. Examples of suitable vehicles include ointments, creams, gels, or suspensions, with or without purified col- 
lagen. The compositions also may be impregnated into transdermal patches, plasters, and bandages, preferably in 
liquid or semi-liquid form. 

For obtaining a get formulation, the VEGF formulated in a liquid composition may be mixed with an effective amount 

40 of a water-soluble polysaccharide or synthetic polymer such as polyethylene glycol to form a gel of the proper viscosity 
to be applied topically. The polysaccharide that may be used includes, for example, cellulose derivatives such as 
etherrfied cellulose derivatives, including alkyi celluloses, hydroxyalkyl celluloses, and alkylhydroxyalkyl celluloses, for 
example, methylcellulose, hydroxyethyl cellulose, carboxymethyl cellulose, hydroxypropyl methylcellulose, and hy- 
droxypropyl cellulose; starch and fractionated starch; agar; alginic acid and alginates; gum arabic; pullullan; agarose; 

45 carrageenan; dextrans; dextrins; fructans; inulin; mannans; xylans; arabinans; chitosans; glycogens; glucans; and syn- 
thetic bopolymers; as well as gums such as xanthan gum; guar gum; locust bean gum; gum arabic; tragacanth gum; 
and karaya gum; and derivatives and mbdures thereof. The preferred gelling agent herein is one that is inert to biological 
systems, nontoxic, simple to prepare, and not too runny or viscous, and will not destabilize the VEGF held within it. 
Preferably the polysaccharide is an etherrfied cellulose derivative, more preferably one that is well defined, purified, 

so and listed in USP, e.g., methylcellulose and the hydroxyalkyl cellulose derivatives, such as hydroxypropyl cellulose, 
hydroxyethyl cellulose, and hydroxypropyl methylcellulose. Most preferred herein is methylcellulose. 

The polyethylene glycol useful for gelling is typically a mixture of low and high molecular weight polyethylene 
glycols to obtain the proper viscosity. For example, a mixture of a polyethylene glycol ol molecular weight 400-600 with 
one of molecular weight 1 500 would be effective for this purpose when mixed in the proper ratio to obtain a paste. 

55 The term 'water soluble" as applied to the polysaccharides and polyethylene glycols is meant to include colloidal 

solutions and dispersions. In general, the solubility of the cellulose derivatives is determined by the degree of substi- 
tution of ether groups, and the stabilizing derivatives useful herein should have a sufficient quantity of such ether groups 
per anhydroglucose unit in the cellulose chain to render the derivatives water soluble. A degree of ether substitution 
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of at least 0.35 ether groups per anhydroglucose unit is generally sufficient. Additionally, the cellulose derivatives may 
be in the form of alkali metal salts, tor example, the U, Na, K, or Cs salts. 

If methylcellulose is employed in the gel, preferably it comprises about 2-5%, more preferably about 3%, of the 
gel and the VEGF is present in an amount of about 300-1000 \ig per ml of gel. 

5 The dosage to be employed is dependent upon the factors described above. As a general proposition, the VEGF 

is formulated and delivered to the target site or tissue at a dosage capable of establishing in the tissue a VEGF level 
greater than about 0.1 np/cc up to a maximum dose that is efficacious but not unduly toxic. This intra-tissue concen- 
tration should be maintained if possible by continuous infusion, sustained release, topical application, or injection at 
empirically determined frequencies. 

10 it is within the scope hereof to combine the VEGF therapy with other novel or conventional therapies (e.g., growth 

factors such as aFGF, bFGF, PDGF, IGF, NGF, anabolic steroids, EGF or TGF-a) for enhancing the activity of any of 
the growth factors, including VEGF, in promoting cell proliferation and repair. It is not necessary that such cotreatment 
drugs be included perse in the compositions of this invention, although this will be convenient where such drugs are 
proteinaceous. Such admixtures are suitably administered in the 6ame manner and for the same purposes as the 

is VEGF used alone. The useful molar ratio of VEGF to such secondary growth factors is typically 1 0.I -10, with about 
equtmolar amounts being preferred. 

In order to simplify the examples and claims, certain frequently occurring methods will be referenced by shorthand 
phrases. 

"Transf ection" refers to the taking up of an expression vector by a host cell whether or not any coding sequences 
20 are in fact expressed. Numerous methods of transfeclion are known to the ordinarily skilled artisan, for example, CaP0 4 
and electroporation. Successful transfection is generally recognized when any indication of the operation of this vector 
occurs within the host cell. 

"Transformation" means introducing DNA into an organism so that the DNA is replicable, either as an extrachro- 
mosomal element or by chromosomal integrant. Depending on the host cell used, transformation is done using standard 

25 techniques appropriate to such cells. The calcium treatment employing calcium chloride, as described by Cohen, S. 
N. Proc. Natl. Acad. Sci. (USA), 69: 2110(1972) and Mandel et al. J. Mol. Biol . 53:154 (1970), is generally used for 
prokaryotes or other cells that contain substantial cell-wall barriers. For mammalian cells without such cell walls, the 
calcium phosphate precipitation method of Graham, F and van der Eb, A., Virology . 52: 456-457 (1 978) is preferred. 
General aspects of mammalian cell host system transformations have been described by Axel in U.S. Pat. No. 

30 4,399,216 issued August 16, 1993. Transformations into yeast are typically carried out according to the method of van 
Solingen, P., et al., J. Bact. , 130 : 946 (1977) and Hsiao, C.L., et al., Proc. Natl. Acad. Sci. (USA) 76: 3829 (1979). 
However, other methods for introducing DNA into cells such as by nuclear injection or by protoplast fusion may also 
be used. 

As used herein, the expression 'hybridize under stringent conditions' to describe certain DNA sequences encom- 
35 passed within the scope of this invention refers to hybridizing under conditions of low ionic strength and high temper- 
ature for washing, for example, 0.15 M NaCI/0.015 M sodium citrate/0.1% NaDodS0 4 at 50°C, or alternatively the 
presence of denaturing agents such as formamide, for example, 50% (vol/vol) formamide with 0.1% bovine serum 
albumin/0.1% Ficoll/0.1% polyvinylpyrrolidone/50 mM sodium phosphate buffer at pH 6.5 with 750 mM NaCI, 75 mM 
sodium citrate, at 42 D C for hybridization. "Hybridize under low stringency" refers to hybridizing at 42°C in 20% forma- 
40 mide, 5 x SSC, 50 mM sodium phosphate pH 6.8, 0.1% sodium pyrophosphate, 5 x Denhardt's solution, and 50 u.g/ 
ml salmon sperm DNA, and washing with 2 x SSC, 0.1% SDS at 42°C. 

"Site-directed mutagenesis" is a technique standard in the art, and is conducted using a synthetic oligonucleotide 
primer complementary to a single-stranded phage DNA to be mutagenized except for limited mismatching, representing 
the desired mutation. Briefly, the synthetic oligonucleotide is used as a primer to direct synthesis of a strand compte- 
rs mentary to the phage, and the resulting double-stranded DNA is transformed into a phage-supporting host bacterium. 
Cultures of the transformed bacteria are ptated in top agar, permitting plaque formation from single cells that harbor 
the phage. Theoretically, 50% of the new plaques will contain the phage having, as a single strand, the mutated form; 
50% will have the original sequence. The plaques are hybridized with kinased synthetic primer at a temperature that 
permits hybridization of an exact match, but at which the mismatches with the original strand are sufficient to prevent 
50 hybridization. Plaques that hybridize with the probe are then selected and cultured, and the DNA is recovered. 

■Operably linked" refers to juxtaposition such that the normal function of the components can be performed. Thus, 
a coding sequence "operabty linked" to control sequences refers to a configuration wherein the coding sequence can 
be expressed under the control of these sequences and wherein the DNA sequences being linked are contiguous and, 
in the case of a secretory leader, contiguous and in reading phase. For example, DNA for a presequence or secretory 
55 leader is operably linked to DNA lor a polypeptide if it is expressed as a preprotein that participates in the secretion of 
the polypeptide; a promoter or enhancer is operably linked to a coding sequence if it affects the transcription of the 
sequence; or a ribosome binding site is operably linked to a coding sequence if it is positioned so as to facilitate 
translation. Linking is accomplished by ligation at convenient restriction sites. If such sites do not exist, then synthetic 
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oligonucleotide adaptors or linkers are used in accord with conventional practice. 

■Control sequences" refers to DNA sequences necessary for the expression of an operabfy linked coding sequence 
in a particular host organism. The control sequences that are suitable for prokaryotes, for example, include a promoter, 
optionally an operator sequence, a ribosome binding site, and possibly, other as yet poorly understood sequences. 

s Eukaryotic cells are known to utilize promoters, polyadenylation signals, and enhancers. 

"Expression system' refers to DNA sequences containing a desired coding sequence and control sequences in 
operable linkage, so that hosts transformed with these sequences are capable of producing the encoded proteins. To 
effect transformation, the expression system may be included on a vector however, the relevant DNA may then also 
be integrated into the host chromosome. 

10 As used herein, 'cell/ "cell line," and "cell culture" are used interchangeably and all such designations include 

progeny. Thus, transformants" or "transformed cells" includes the primary subject cell and cultures derived therefrom 
without regard for the number of transfers. It is also understood that all progeny may not be precisely identical in DNA 
content, due to deliberate or inadvertent mutations. Mutant progeny that have the same functionality as screened for 
in the originally transformed cell are included. Where distinct designations are intended, it will be clear from thecontext 

is "Plasmids" are designated by a lower case p preceded and/or followed by capital letters and/or numbers. The 

starting plasmids herein are commercially available, are publicly available on an unrestricted basis, or can be con- 
structed from such available plasmids in accord with published procedures. In addition, other equivalent plasmids are 
known in the art and will be apparent to the ordinary artisan. 

"Digestion" of DNA refers to catalytic cleavage of the DNA with an enzyme that acts only at certain locations in 

20 the DNA. Such enzymes are called restriction enzymes, and the site for which each is specific is called a restriction 
site. The various restriction enzymes used herein are commercially available and their reaction conditions, cof actors, 
and other requirements as established by the enzyme suppliers are used. Restriction enzymes commonly are desig- 
nated by abbreviations composed of a capital letter followed by other letters representing the microorganism from 
which each restriction enzyme originally was obtained and then a number designating the particular enzyme. In general, 

25 about 1 u.g of plasmid or DNA fragment is used with about 1 -2 units of enzyme in about 20 uJ of buffer solution. Ap- 
propriate buffers and substrate amounts for particular restriction enzymes are specified by the manufacture r. Incubation 
of about I hour at 37 a C is ordinarily used, but may vary in accordance with the supplier's instructions. After incubation, 
protein is removed by extraction with phenol and chloroform, and the digested nucleic acid is recovered from the 
aqueous fraction by precipitation with ethanol. Digestion with a restriction enzyme infrequently is followed with bacterial 

30 alkaline phosphatase hydrolysis of the terminal 5' phosphates to prevent the two restriction cleaved ends ol a DNA 
fragment from "circularizing" or forming a closed loop that would impede insertion of another DNA fragment at the 
restriction site. Unless otherwise stated, digestion of plasmids is not followed by 5' terminal dephosphorylation. Pro- 
cedures and reagents for dephosphorylation are conventional (T. Maniatis etal., 1 982. Molecular Cloning : A Laboratory 
Manual (New York: Cold Spring Harbor Laboratory, 1982) pp. 133-134). 

35 "Recovery" or "isolation" of a given fragment of DNA from a restriction digest means separation of the digest on 

polyacrylamide or agarose gel by electrophoresis, identification of the fragment of interest by comparison of its mobility 
versus that of marker DNA fragments of known molecular weight, removal of the gel section containing the desired 
fragment, and separation of the gel from DNA. This procedure is known generally. For example, see R. Lawn et al., 
Nucleic Acids Res . 9:6103-6114 (1981), and D. Goeddel et al.. Nucleic Acids Res. 8:4057 (1980). 

40 "Southern Analysis" is a method by which the presence of DNA sequences in a digest or DNA-containing compo- 

sition is confirmed by hybridization to a known, labelled oligonucleotide or DNA fragment. For the purposes herein, 
unless otherwise provided, Southern analysis shall mean separation of digests on 1 percent agarose, denatu ration, 
and transfer to nitrocellulose by the method ol E. Southern, J. Mol. Biol. 98: 503-517 (1975), and hybridization as 
described by T. Maniatis etaj., Cell 15: 687-701 (1978). 

45 "Ligation" refers to the process of forming phosphodiester bonds between two double stranded nucleic acid frag- 

ments (T. Maniatis eta!., 1982, supra , p. 146). Unless otherwise provided, ligation may be accomplished using known 
buffers and conditions with 10 units of T4 DNA ligase ("ligase") per 0.5 u.g of approximately equimolar amounts of the 
DNA fragments to be ligated. 

"Preparation" of DNA from transformants means isolating plasmid DNA from microbial culture. Unless otherwise 

so provided, the alkaline/SDS method of Maniatis etal., 1 982, supra, p. 90, may be used. 

"Oligonucleotides" are short-length, single- or double- stranded potydeoxynucleotides that are chemically synthe- 
sized by known methods (such as phosphotriester, phosphite, or phosphoramidite chemistry, using solid phase tech- 
niques such as described in EP Pat. Pub. No. 266,032 published May 4, 1 988, or via deoxynucleoside H-phosphonate 
intermediates as described by Froehler et al., Nucl. Acids Res. , U: 5399-5407 [1986]). TTiey are then purified on 

55 polyacrylamide gels. 

The following examples are intended to illustrate the best mode now known for practicing the invention, but the 
invention is not to be considered limited thereto. 
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EXAMPLE I 

Purification of Native VEGF 

s Primary cultures of bovine pituitary FC were obtained and established as previously described. Ferrara et al. Meth. 

Enzvm. , supra; Ferrara et al., Am. J. Physiol. , supra. At confluence cells were passaged into large-scale tissue culture 
plates (Applied ScL. San Francisco, CA) in the presence of low glucose Dulbecco's modified Eagle's medium (DM EM) 
supplemented with 10% fetal bovine serum, 2mM glutamine, and antibiotics. Shortly after reaching confluency, the 
cultures were extensively washed with PBS to remove serum components. The cells were then incubated in a serum- 

10 free medium consisting of DMEM plus transferrin (10 g/ml), insulin (5 u.g/ml), selenium (10 -8 M), 2mM glutamine, and 
antibiotics. After three or four days, the medium was collected and replaced with fresh serum-free medium. The col- 
lected medium was centrifuged (1000 x g, 15 min. at 4°C) and stored at -70°C. The conditioned medium was then 
collected every three or four days for up to six weeks. The media conditioned by FC was found to stimulate the prolif- 
eration rate of low-density microvascular endothelial cells. — - 

is Four to six (Her batches of conditioned medium (CM) were subjected to ammonium sulfate precipitation. Ammonium 

sulfate (500 g/L) was added under constant stirring, until the salt was completely in solution. After 8-12 hours in the 
cold room, the material was centrifuged (20,000 x g, 45 min. at 4°C). The supernatant was discarded and the pellet 
was resuspended with 10 mM Tris/CI, pH 7.2, 50 mM NaCI and dialyzed at 4°C against the same buffer for 8-12 hours. 
The final volume was 50-60 fold less than the original. 

20 The concentrated CM was applied to a H-S column [Shing et at., Science . 223 : 1 296-1 299 (1 984)] (1 0 ml) preequil- 

ibrated with 1 0 mM Tris/CI, pH 7.2, 50 mM NaCI . The column was then washed with the same buffer unti I the absorbance 
at 280 nm was negligible and then eluted stepwise with 10 mM Tris/CI, pH 7.2 containing 0.15, 0.9, and 3 M NaCI. The 
flow rate was 1.5 ml/min. Fractions of 1.5 ml were collected and aliquots, diluted with 0.2% gelatin in PBS, were tested 
for mitogenic activity on endothelial cells. Approximately 90% of the biological activity was eluted in the presence of 

25 0.9 M NaCI. The bioactfvity was not affected by heating the fractions at 65 6 C for 5 min. and was decreased 25-30% 
following the exposure to 0. 1 % trrfluoroacetic acid (TFA) (pH2) for two hours. Chromatofoc using using a Mono P column 
indicated that the p.i. of the growth factor is about 8.5. 

The most bioactive H-S fractions (0.9 M NaCI pool) were diluted fourfold with 0. 1 % TFA in water and applied to a 
vydac C4 HPLC column (10 x 250 mm) preequilibrated in 0,1% TFA/20% acetonitrile. The column was eluted with a 

30 linear gradient of acetonitrile (20-45% in 115 min.) at a flow rate of 2 m!/mtn. The absorbance was monitored at 210 
nm. Fractions of 2 ml were diluted in 0.2% gelatin in PBS for assay on endothelial cells. The bioactivity was eluted as 
a single peak in the presence of about 29% acetonitrile. A silver-stained [Morrissey, Anal. Biochem. , 117 : 307-310 
(1981)] SDS-PAGE gel on the most bioactive fractions revealed the presence of three or lour bands. 

The most bioactive fractions were pooled, diluted two-fold in 0.1% TFA in water and applied to a second vydac 

35 C4 HPLC column (4.6 x 250 mm) preequilibrated in 0.1% TFA/20% 2-propanol. The column was eluted with a linear 
gradient of 2-propanol (20-45% in 113 min.). The flow rate was 0.6 ml/min. Aliquots of fractions were diluted for bio- 
assays. The remainder of fractions was dried in a Speed-Vac for SDS/PAGE [Laemmli, Nature , 227 : 680-685 (1970)] 
and structural analysis. A single peak of bioactivity corresponding to a distinct peak in the absorption profile was ob- 
tained. 

40 The peak fractions from the second reversed phase step displayed a single band on a silver-stained SDS-PAGE, 
with an apparent molecular weight of about 23,000 under reducing conditions. The intensity of staining of the band 
was highly correlated to the mitogenic activity across the bioactivity profile. Because previous experiments, using a 
molecular sieve with a TSK G 3000 SW column, suggested a molecular weight in the range of 40-43,000, the possibility 
that the factor in native conditions was a dimer was considered. This was strongly suggested by the finding that the 

<5 purified material had an apparent molecular weight of about 45,000 in a silver^stained SDS-PAGE under non- reducing 
conditions. 

Bovine adrenal cortex and brain-derived capillary endothelial cells and bovine adrenal cortex cells are obtained 
and were maintained as described by Ferrara et al.. Proc. Natl. Acad. Sci. , st/pra; Schweigerer et al., Endocrinology , 
supra. Adult or fetal bovine aortic endothelial cells, human umbilical vein endothelial cells, bovine corneal endothelial 

so cells, lens epithelial cells, BHK-21 fibroblasts, and human keratinocytes were cultured and maintained as described 
by Schweigerer et al., Exp. Eve Res. , supra; Jaffe et al., J. Clin. Inv . 51 : 46a (1 972); Folkman in Pathobioloav of the 
Endothelial Cell , Nossel and Vogel. Ed., pp. 79-93 (Academic Press, New York, 1972); D'Amore et al.. Proc. Natl. Acad. 
Sci. USA, 78: 3068-3072 (1 981); Neuf eld et al., Reg. Pept , 13: 293-305 (1 986); Pheel and Ham, In Vitro , .16: 526-538 
(1985). For bioassay, cells were seeded in the presence of their respective growth media at the density of 2 x 10V35 

55 mm dish or 1 x 1 0/Vwell in 1 2 multiwell plates. Fractions were added to cells in 5 uJ/ml aliquots. After 4 or 5 days, cells 
were dissociated by exposure to trypsin and counted in a Coulter counter. 

As shown in Figure 5, appreciable activity was observed only in cell types of vascular endothelial origin, such as 
fetal and adult bovine aortic endothelial cells, bovine brain capillary endotheliaJ cells, and human umbilical vein en- 
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dothelial cells. In contrast, adrenal cortex cells, lens epithelial cells, corneal endothelial ceils, BHK-21 fibroblasts, and 
keratinocytes failed lo show any significant mitogenic response. 

Approximately 20 pmol of protein from the most bioactive fractions obtained from the second C4 step was applied 
directly to a gas-phase protein sequenator Model 470A (Applied Biosystems). Edman degradation cycles were carried 
s out by an on-line HPLC column and amino acid derivatives were identified on the HPLC chromatogram. Henzel et al., 
J. Chromatography 404 : 41 -52 (1 987). 

The gas-phase microsequencing demonstrated unambiguously a single N-terminal amino acid sequence. The first 
39 residues are: Ala-Pro-Met-Ala-Glu-Gly-Gly-Gln-Lys-Pro-His-Glu-Val-Val-Lys-Phe-Met-Asp-Val-Tyr-Gln-Arg-Ser- 
Phe-Cys-Arg-Pro-lle-Glu-Thr-Leu-Val-Asp-lle-Phe-Gln-Glu-Tyr-Pro. This sequence was determined from several N- 
io terminal sequence runs of the intact molecule. A computer search revealed that such sequence does not display 
significant homology to any previously known protein. 

The dose response curve for the purified growth factor revealed a half maximal effect on adrenal cortex-derived 
endothelial cell proliferation at 100-150 pc/ml and a maximal effect at 1-1.2 ng/ml. These values were derived from 
protein sequencing and were found to be in good agreement with those obtained by comparing the relative intensities 
is of bands with standards in silver-stained SDS/PAGE. 

Table 1 summarizes the steps for the purification of the growth promoting activity and the corresponding yield in 
bioactivity. 



TABLE 1 



Summary of Purification of VEGF from 6 L of Conditioned Medium 


Purification Step a 


Protein (uo,) 


Maximal Stimulation 


Purification (fold 


Yield (%) 






(ng/ml) 






CM* 


190,000 


2500 


1 


100 


AS* 


175,000 


2500 


1 


92 


HS* 


13,000 


250 


10 


6B 


R-P 1** 


25 


5 


500 


6 


R-P 2**, # 


4 


1.2 


2000 


4 



*CM is conditioned medium; AS is ammonium sulfate precipitate; HS is heparin-eepharose; R-P 1 is reversed phase HPLC step 1 ; and R-P 2 is 
reversed phase HPLC step 2. 
'Protein concentration was determined by BioRad Kit. 

"Protein concentration was determined by comparing the relative intensities of bands with standards in diver-stained SDS-PAGE. 
#Protein concentration was determined by sequencing. 



35 EXAMPLE II 

Isolation of VEGF cDNA 

Total RNA was extracted [Ullrich et aL Science . 196 : 1313-1317 (1977)] from bovine pituitary follicular cells [ob- 
40 tained as described by Fer rara et al. , Meth. Enzymol. supra, and Ferrara et al. , Am. J. Phvsiol. , supra] and the potya- 
denytated mRNA fraction was isolated by oligo(oT)-cellulose chromatography. Aviv et al., Proc. Natl. Acad. Sci. USA , 
69: 1408-1412 (1972). The cDNA was prepared [Wickens et al.. J. Biol. Chem. , 253 : 2483-2495 (1978)] by priming 
with dT 12 . 18 or a random hexamer dN 6 . The double-stranded cDNA was synthesized using a cDNA kit from Amersham, 
and the resulting cDNA was subcloned into EcoRZ-cleaved Xgt10 as described [Huynh et al., in DNA Cloning Tech- 
45 niques, A Practical Approach, Glover ed. (IRL, Oxford, 1985)], except that asymmetric EcoRI linkers [Norn's, et al., 
Gene , 7: 355-362 (1 979)] were used, thus avoiding the need for the EcoRI methylase treatment. 

The recombinant phage were plated on £ co//C600 Hfl [Huynh el al, supra] and replica plated onlo nitrocellulose 
filters. Benton et al.. Science , 196 : 180-182 (1977). These replica were hybridized with a^P-labeled [Taylor et aL, 
Biochim. Biophys. Acta , 442:324-330 (1976)] synthetic oligonucleotide probe of the sequence: 

so 

8*- CCTATOGCTG AAOOCGO CCAG AAGCCTCACC AACTG G TG AAGTTCATG G ACGTG TATCA-S # 

at 42°C in 20% formamide, 5 x SSC, 50 mM sodium phosphate pH 6.8, 0.1% sodium pyrophosphate, 5 x Denhardt's 
solution, and 50 up/ml salmon sperm DNA, and washed in 2 x SSC, 0.1% SDS at 42°C. Fig. 1 shows a comparison 
between this probe and the cDNA sequence actually obtained, with the asterisks indicating homologous nucleotides. 
55 One positive clone, designated Vvegf .6, was identified. This clone, labeled with ^P, was used as a probe to screen 
an oligo-dT-primed human placenta cDNA library, and positive clones were observed. When a human pituitary cDNA 
library was screened with the same labeled clone, no positive clones were detected. 
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The complete nucleotide sequence of the clone A.vegf.6 was determined by the dideoxyoligonucleotide chain 
termination method [Sanger et al. f Proc. Natl. Acad. Sci. USA, 74: 5463-5467 (1 977)] after subdoning into the pRK5 
vector. The sequence obtained, along with the imputed amino acid sequence, including the signal sequence, is shown 
in Fig. 2. 

5 

Expression of VEGF-Encoding Gene in Mammalian Cells 

The final expression vector, pRK5.vegf.6, was constructed, as shown in Fig. 8, from X.vegl.6 and pRK5. The 
construction of pRK5 and pRK5.vegf.6 is described below in detail. 

10 

A. Construction of pRK5 
A.I. Construction of pFSCIS 

is The initial three-part construction of the starting plasmid pF8CIS is described below and shown in Figure 3. 

1) The ampicillin resistance marker and replication origin of the final vector was derived from the starting plasmid 
pUC13pML, a variant of the plasmid pML (Lusky, M. and Botchen, M. t Nature , 293 : 79 [1981]). pUC13pMLwas 
constructed by transferring the polylinker of pUC13 (Vieira, J. and Messing, J., Gene, 19:259 (1982) to the EcoRI 

20 and Hindi! I sites of pML. A second starting plasmid pUC8-CMV was the source ol the CMV enhancer, promoter 

and splice donor sequence. pUC8-CMV was constructed by inserting approximately 800 nucleotides for the CMV 
enhancer, promoter and splice donor sequence into the blunted Psti and Sphl sites of pUC8. Vieira, J. and Messing, 
J., op. cit . Synthetic Bam HI-Hindlll linkers (commercially available from New England Biolabs) were ligated to the 
cohesive Bam HI end creating a Hindlll site. Following this ligation a Hindlll-Hincll digest was performed. This 

25 digest yielded a fragment of approximately 800 bp that contained the CMV enhancer, promoter and splice donor 

site. Following gel isolation, this 800 bp fragment was ligated to a 2900 bp piece of pUClSpML. The fragment 
required for the construction of pFSCIS was obtained by digestion of the above intermediate plasmid with Sail and 
Hindlll. This 3123 bp piece contained the resistance marker for ampicillin, the origin of replication from pUC1 3pML, 
and the control sequences for the CMV, including the enhancer, promoter, and splice donor site. 

30 2) The I g variable region intron and splice acceptor sequence was constructed using a synthetic oligomer as shown 

in the central portion of Fig. 4. A 99 mer and a 30 mer were chemically synthesized having the following sequence 
for the IgG intron and splice acceptor site (Bothwell et al., Nature , 290:65-67 [1 981]): 

1 5' AGTAGCAAGCTTGACGTGTGGCAGGCTTGA... 
35 31 GATCTGGCCATACACTTGAGTGACAATGA... 

60 CATCCACTTTGCCTTTCTCTCCACAGGT... 
88 GTCCACTCCCAG 3' 



40 

I 3' CAGGTGAGGGTGCAGCTTGACGTCGTCGGA 5* 

DNA polymerase I (Klenow fragment) filled in the synthetic piece and created a double-stranded fragment. 
Wartell, R.M. and W.S. Reznikoff, Gene , 9: 307 (1980). This was followed by a double digest of Pstl and Hindlll. 
45 This synthetic linker was cloned into pUC1 3 (Veira and Messing, op. cit.) at the Pstl and Hindlll sites. The clone 

containing the synthetic oligonucleotide, labeled pUCIg.10, was digested with Pstl. A Clal site was added to this 
fragment by use of a Pstl-Clal linker. Following digestion with Hindlll a 118-bp piece containing part of the Ig intron 
and the Ig variable region splice acceptor was gel isolated. 

3) The third part of the construction scheme replaced the hepatitis surface antigen 3' end with the poryadenylation 
so site and transcription termination site of the early region of SV40. A vector, pUC.SV40, containing the SV40 se- 

quences was inserted into pUC8 at the Bam HI site described by Vieira and Messing, op. cit. pUC.SV40 was then 
digested with Eco RI and Hpa l. A 143 bp fragment containing the SV40 polyadenylation sequence was gel isolated 
from this digest. Two additional fragments were gel isolated following digestion of pSVE.8clD. (European Pat. Pub. 
No. 160,457). The 4.8 kb fragment generated by Eco RI and Clal digestion contains the SV40-DHFR transcription 
ss unit, the origin of replication of pML and the ampicillin resistance marker. The 7.5-kb fragment produced following 

digestion with Ctal and Hpa l contains the cDNA for Factor VIII. A three-part ligation yielded pSVE.8c24D. This 
intermediate plasmid was digested by Clal and Sail to give a 9611 bp fragment containing the cDNA for Factor 
VIII with an SV40 poly A site followed by the SV40 DHFR transcription unit. 
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The final three-part ligation to yield pF8CIS used: a) the 3123 bp Sail -Hindi 1 1 fragment containing the origin of 
replication, the ampicillin resistance marker, and the CMV enhancer, promoter, and splice donor site; b) the 118 bp 
Hindlll-Clal fragment containing the Ig intron and splice acceptor site; and c) a 9611 bp Clal-SaJI fragment containing 
the cDNA lor Factor VIII, the SV40 polyadenylation site, and the SV40 DHFR transcription unit. 

$ 

A.2. Construction of pCIS2.Bc28D 

pCIS2.8c28D comprises a 90kd subunit of Factor VIII joined to a 73kd subunit of Factor VIII. The 90kd comprises 
amino acids 1 through 740 and the 73kd subunit amino acids 1690 through 2332. This construct was prepared by a 

10 three-part ligation of the following fragments: a) the 1 261 7-bp C|al -Sstll fragment of pF8CIS (isolated from a damstrain 
and BAP treated); b) the 216-bp Sstll-Pstl fragment of pF8CIS; and c) a short Pstl-CJal synthetic oligonucleotide that 
was kinased (see Fig. 5, where an asterisk indicates the changed nucleotide). 

Figure 4 also shows the subcloning of the 408bp Bam Hl-Hindlll andthe 41 6bp BamHl-Pstl fragments of pSVEFVIIll 
(European Pat. Publ. No. 1 60,457) containing the 5' and 3* DN A regions of Factor VI 1 1 to be fused to make pCIS2.8c28D. 

is Figure 5 shows the three-part ligation used to construct the fusion region of pCIS2.8c2BD. Two different fragments, 

A and B, were cloned into the same pUC118 BamHl-Pstl BAP vector. The A fragment was the 408bp Bam HI-Hindlll 
fragment of pUC408BH and the B fragment was a Hindlll-Pstl oligonucleotide. The double-stranded oligonucleotide 
is shown in Figure 6. While complete DNA sequence at the terminal restriction sites is given in Figure 5, the actual 
oligonucleotide does not include the bases delineated by the lines at the restriction sites. This oligonucleotide was 

20 used without kinasing to prevent its polymerization during ligation. 

After ligation of the A and B fragments into the vector as shown in Figure 5, the expected junction sequences were 
confirmed by DNA sequencing of the regions encompassed by the nucleotides. 

The resulting plasmid, pCIS2.8c28D, was constructed as shown in Figure 6, with a four-part ligation. The fusion 
plasmid from Figure 5 was cut with Bam HI and Pstl and the 443 bp fragment isolated. The remaining three fragments 

25 of the four-part ligation were: 1) 1944 bp Clal-BamHI of pSVEFVIII (European Pat Publ. No. 160,457); 2) a 2202 bp 
Bam HI-Xbal fragment of pSVEFVIII, which was further partially digested with Pstl and the 1786 bp Pstl-Xbal fragment 
was isolated, and 3) the 5828 bp Xbal-Ckl BAP fragment of pCIS2.8c24D from Figure 5. The translated DNA sequence 
of the resultant variant in the exact fusion junction region of pCIS2.8c28D was determined and correlates with the 
sequence shown in Fig. 5. 

30 

A. 3. Construction of pRK5 

The construction of pRK5 is depicted in Fig. 7. The starting plasmid for construction of pRK5 was pCIS2.8c28D. 
The base numbers in paragraphs 1 through 6 refer to pCIS2.8c28D with base one of the first T of the EcoRI site 
3S preceding the CMV promoter. The cytomegalovirus early promoter and intron and the SV40 origin and poly A signal 
were placed on separate plasmids. 

1 . The cytomegalovirus early promoter was cloned as an EcoRI fragment from pCIS2.8c28D (9999-1 201 ) into the 
EcoRI site of pUC118 described above. Twelve colonies were picked and screened for the orientation in which 

40 single-stranded DNA made from pUC118 would allow for the sequencing from the EcoRI site at 1201 to the EcoRI 
site at 9999. This clone was named pCMVE/R 

2. Single-stranded DNA was made from pCM VE/P in order to insert an SP6 (Green, MR et al. , Cell, 32: 681 -694 
[1983]) promoter by site-directed mutagenesis. A synthetic 110 mer that contained the sequences from -69 to +5 
of SP6 promoter (see Nucleic Acids Res. . 12: 7041 [1984], Figure 1) were used along with 18-bp fragments on 

45 either end of the oligomer corresponding to the CMVE/P sequences. Mutagenesis was done by standard tech- 

niques and screened using a labeled 110 mer at high and low stringency. Six potential clones were selected and 
sequenced. A positive clone was identified and labeled pCMVE/PSP6. 

3. The SP6 promoter was checked and shown to be active, for example, by adding SP6 RNA polymerase and 
checking for RNA of the appropriate size. 

so 4. A Cla-Not l -Sma adapter was synthesized to encompass the location from the Clal site (912) to the Sma l site 

of pUC118 in pCMVE/P (step 1) and pCMVE/PSP6 (step 2). This adapter was ligated into the Clal-Smal site of 
pUC118 and screened for the correct clones. The tinker was sequenced in both and clones were labeled pCMVE/ 
PSP6-Land pCMVE/P-L 

5. pCM VE/PSP6-L was cut with Smal (at linker/pUC1 1 8 junction) and Hindlll (in pUC1 1 8). AHpal (5573)-to-Hindlll 
55 (61 36) fragment Irom pSVORAAAR1 1 1 , described below, was inserted into Smal -Hindi 1 1 o! pCMVE/PSP6-L This 

ligation was screened and a clone was isolated and named pCMVE/PSP6-L-SVORAMRI. 

a) The SV40 origin and polyA signal was isolated as the Xmn l (5475) - Hindlll (6136) fragment from 
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pCIS2.8c28D and cloned into the Hindi 1 1 to Smal sites of pUC11 9 (described in Vieira and Messing, op. cit ). 
This clone was named pSVORAA. 

b) The Eco RI site at 5716 was removed by partial digestion with Eco RI and filling in with Klenow. The colonies 
obtained from self -ligation after fill-in were screened and the correct clone was isolated and named pSVO- 
s RAAARI 1 1 . The deleted EcoRI site was checked by sequencing and shown to be correct, c) The Hpa l (5573) 

to Hindlll (61 36) fragment of pSVORAAARI 11 was isolated and inserted into pCMVE/PSP6-L (see 4 above). 

6. pCMVE/PSP6-L-SVOrAAARI (step 5) was cut with EcoR I at 9999, blunted and selHigated. A clone without an 
EcoRI site was identified and named pRK. 7. pRK was cut with Sma l and Bam HI. This was filled in with Klenow 

io and religated. The colonies were screened. A positive clone was identified and named pRKABam/Sma3. 

8. The Hindlll site of pRKDBam/Sma3 was converted to a Hpa l site using a converter. (A converter is a piece of 
DNA used to change one restriction site to another. In this case one end would be complementary to a Hindlll 
sticky end and the other end would have a recognition site for Hpal.) A positive clone was identified and named 
pRKABam/Sma, HIII-Hpal 1. ~ 

is 9. pRKABam/Sma, HIII-Hpal 1 was cut with Pstl and Nptl and an EcoRI-Hindlll linker and Hindi II -EcoRI linker 

were ligated in. Clones for each linker were found However, it was also determined that too many of the Hpa l 
converters had gone in (two or more converters generate a Pvu ll site). Therefore, these clones had to be cut with 
Hpa l and sell-ligated. 

10. RI-HIII clone 3 and HIII-RI clone 5 were cut with Hpa l, diluted, and self-ligated. Positives were identified. The 
20 RI-HIII clone was named pRK5. 

B. Construction of pRK5.vegf.6 

Figure 8 depicts the construction of pRK5.vegf.6. The clone X.vegf.6 was treated with EcoRI and the EcoRI insert 
25 was isolated and ligated into the vector fragment of pRK5 obtained by digestion of pRK5 with EcoRI and isolation of 
the large fragment. The two-part ligation of these fragments yielded the expression vector, pRK5.vegf.6, which was 
screened for the correct orientation of the VEGF-encoding sequence with respect to the promoter 

C. Expression of VEGF-Encodinq Gene 

30 

Human embryonic kidney cells transformed with adenovirus Ela dn Elb (293s) have been described by Graham 
et at., J. Gen. Virol., 36: 59-73 (1977). These cells were transfected with the above-described expression vector 
pRK5.vegf.6 by the calcium phosphate method of Gorman, in DNA Cloning , D.M. Glover, ed. (IRC Press, Oxford, 
1985), vol. 2, pp. 143-190. After 24 hours, the cells were changed to a serum-free medium for an additional 48-hour 
35 incubation. This serum-free medium was then harvested and the supernatant therefrom assayed for VEGF activity. 

EXAMPLE III 

In vitro Assay for VEGF Activity 

40 

The supernatant from the transformed cells produced in Example IIC above was tested for bioactivity of VEGF 
using the same cell lines as used in the protein purification procedure described above. Thus, fractions of the super- 
natants were added in 5 uf/ml aliquots to the various cell types seeded in the presence of their respective growth media 
in muftiwell plates. After four or five days, the cells were dissociated by exposure to trypsin and counted in a Coulter 
45 counter. The cell supernatants that contained VEGF were efficacious in promoting the proliferation of fetal and adult 
bovine aortic endothelial cells, bovine brain capillary endothelial cells, and human umbilical vein endothelial cells, but 
did not support the growth of adrenal cortex cells, lens epithelial cells, corneal endothelial cells, BHK-21 fibroblasts, 
and keratinocytes. 

so In vivo Assay for Activity 

The chick chorioallantoic membrane (from eggs commercially available) was used as an in vivo system to study 
the angiogenic properties of purified VEGF. The chorioallantoic membrane was dislocated by thefalse air sac technique, 
as described by Hamburger, V. A Manual of Experimental Embryology , Univ. of Chicago Press, PP. 143-145 (1942) 
55 and Phillis, R. and Kumar, S. t Int. J. Cancer . 23: 82: (1 979). A window of 2 cm 2 was cut into the eggshell of eight day- 
old fertilized eggs. The VEGF purified from the native source as described in Example I was dried and resuspended 
(50 ng) in PBS. This suspension or control solution of PBS alone was applied in 10 nl aliquots containing 100 u.g of 
Sephadex G50 beads. After 72 hours the eggs were examined and the neovascular response was evaluated. 
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A marked angiogenic response with radial growth of blood vessels toward the Sephadex beads (85% of embryos 
positive, n=59) was observed in eggs treated with VEGF but not in control eggs (10% of embryos positive, n=50). It is 
expected that this effect would also be seen with recombinant VEGF. 

s EXAMPLE IV 

Screening of Human Leukemia Ceil Line Library 

A cDNA library was prepared as follows. The human leukemia cell line HL60 (ATCC No. CCL240) was grown in 

io roller bottles. The cell count was 0.8 x 10 8 cells per ml. The cells were grown in RPMM640 (commercially available) 
and fetal calf serum. For induction, the cells were spun out and resuspended in 500 ml of RPMI1640 in roller bottles. 
A total of 500 u.l of 1000 X (1000 times 1 X) inducer was added, where 1 X inducer was phorbol myristate acetate 
(PMA) at 50 ng/ml, LPS at 100 ng/ml, indomethacin at 10" 3 M, and cyclohexamide at 100 no/ml. After four hours of 
growth, the cells were pelleted. * 

is Total RNA was extracted (Cathala et al., DNA, 2: 329-335 (1 983)) from the cells and the potyadenylated mRNA 

fraction was isolated by oligo(dT)-cellulose chromatography as described above. The cDNA was prepared by priming 
with random hexamers dN e (Okayama and Berg, Molecular and Cellular Biology . 2: 161 (1982); Gubler and Hoffman, 
Gene , 25: 263 (1 983)). The double-stranded cDN A was synthesized using a cDNA kit Irom Invitrogen and linkers were 
added having a blunt end, an EcoRI site at the other end, and internal BsOO and Noll sites. The resulting cDNA was 

20 blunt-end ligated into Eco RI -cleaved Xgt10. 

The recombinant phage were plated on E. cofi C600 Hf 1 and replica plated onto nitrocellulose filters as described 
above, representing a library of 1 x 10 6 clones. These replica were hybridized with the clone X.vegf.6, representing 
the full-length DNA of bovine VEGF, labeled with 32 P [Taylor et al., supra] under stringent conditions at 42°C in 50% 
tormamide, 5 x SSC, 50 mM sodium phosphate pH 6.8, 0.1% sodium pyrophosphate, 5 x Denhardt's solution, and 50 

25 u.g/ml salmon sperm DNA. The hybridization mixture was washed in 0.2 x SSC, 0.1% SDS at 42°C. 

Five hybridizing clones were sequenced as described above, one of which was designated X.vegf. 21 . The complete 
nucleotide sequence of clone X.vegf.21, along with the imputed amino acid sequence, including the signal sequence, 
is shown in Fig. 10. 

30 Expression of Human VEGF-Encoding Gene in Mammalian Cells 

The final expression vector, p.vegf.21, was constructed from X.vegf.21 and pCIS.CXRHN. pClS.CXRHN is a de- 
rivative of pRK5 in which a different set of restriction sites, Clal, Xhol, EcoRI. Hindlll, and Notl, has been introduced 
into the polylinker region of pRK5 using synthetic DNA of the sequence: 

35 5'-CGATTCTCGAGAATTCAAGCTTGCGGCCGC-3' 

3'- TAAGAGCTCTTAAGTTCGAACGCCGGCGAGCT-5* 

This is introduced by first cleaving pRK5 with Clal and Hindlll, isolating the vector fragment, and ligating it using T4 
ligase with the DNA sequence shown above. 
40 Fig. 11 shows the construction of p.vegf.21 , which is analogous to that of pRK5.vegf.6 using X.vegf.21 instead of 
X.vegf.6. More specifically, the clone X.vegf.21 was treated with EcoRI and the EcoRI insert was isolated and ligated 
into the vector fragment of pCIS.CXRHN obtained by digestion of pCIS.CXRHN with EcoRI and isolation of the large 
fragment. The two-part ligation of these fragments yielded the expression vector, p.vegf.21, which was screened for 
the correct orientation ol the VEGF-encoding sequence with respect to the promoter. 

45 

Expression of Human VEGF-Encoding Gene 

293s cells were transfected with the above-described expression vector p.vegf.21 by the calcium phosphate meth- 
od of Gorman, in DNA Cloning . D.M. Glover, ed. (IRC Press, Oxford, 1985), vol. 2, pp. 143-190. After 24 hours, the 
so cells were changed to a serum-free medium tor an additional 48-hour incubation. This serum4ree medium was then 
harvested and the supernatant therefrom assayed for VEGF activity. 

EXAMPLE V 

55 In vitro Assay for VEGF Activity 

The supernatant from the transformed cells produced in Example IV above was tested for bioactrvrty of VEGF 
using the same procedure as described in Example III. The cell supernatants that contained human VEGF were effi- 
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cacious in promoting the proliferation of bovine adrenal cortex-derived capillary endothelial cells. This demonstrates 
that the growth factor is not just an endothelial cell mitogen, but is actually able to trigger the entire chain of events 
leading to new blood vessel formation, which requires also enzymatic degradation of the basement membrane and 
chemotaxis. 

s in summary, the identification of the nucleic acid sequence encoding both bovine and human VEGF has been 

determined, with VEGF being a dimer composed of two subunits of the same apparent molecular weight (each being 
23,000). Human and bovine VEGF are about 95% homologous in their amino acid sequences, including the signal 
peptide, indicating evolutionary conservation of the molecule. Human VEGF has an additional amino acid, due to 
insertion of a gty residue in position 8. See Fig. 12. Both the human and bovine growth factors in pure form were able 

io to stimulate the proliferation of vascular endothelial cells at concentrations between about 25 pg/rnl and about 1 -1 .2 
ng/ml. These values, assuming a molecular weight of 45,000, correspond respectively to 0.55 pM and 22-26 pM, which 
are in the same range as those obtained with bFGF. Gospodarowicz et al., Endocrine Reviews , supra. VEGF appears 
to differ from a recently purified [Miyazono et al., J. Biol. Chem. , 262:4098-4113 (1987)] and cloned [Ishikawa et al., 
Nature , 238 : 557-561 (1989)] endothelial cell growth factor isolated from human platelets (PD-ECGF). AlthougrrPD- 

15 ECGF and VEGF have the same molecular mass, they differ in their N-terminal sequence, secondary structure, and 
biological potency. Unlike VEGF, PD-ECGF is constituted by a single polypeptide chain and also appears to be about 
10 fold less potent in promoting endothelial cell growth. Also, PD-ECGF does not bind to heparin-sepharose and is an 
acidic protein, while VEGF binds to heparin and has a basic p.i. 

The ability of VEGF to bind heparin may have implications as to its in vivo function and regulation. Heparin sulfates 

20 are fundamental components of the extracellular matrix and have been proposed to play a crucial role in determining 
contact between target cells and heparin-binding growth factors. 

The presence of VEGF in pituitary FC strongly suggests a role for these cells in the development, organization, 
and maintenance of a differentiated stage of the complex microvasculature of the adenohypophysis. 

It is presently unknown whether VEGF is expressed in organs other than the pituitary gland. However, considering 

25 the fundamental role of vascular endothelial cell growth and angiogenesis in a great variety of normal and pathological 
proliferations, the distribution of VEGF is likely to be more widespread. 

A computer search on the complete amino acid sequence of VEGF shows significant (21-25%) homologies with 
the B chain of human PDGF and the product of the sis oncogene. A lesser degree of homology is observed also with 
the A chain of PDGF. The regions that display the most significant homology are comprised between Gly 54 and Arg 

30 175 in PDGF B chain and between Gly 7 and Arg 1 28 in VEGF. Interestingly, all eight cysteine residues lound in PDGF 
B and A chains are conserved in VEGF. However, VEGF contains eight additional cysteine residues. 

These homologies suggest a common origin from an ancestral progenitor gene for the sis protooncogene and the 
gene encoding bovine VEGF. While PDGF is active on a wide variety of cell types of mesenchymal origin and inactive 
on endothelial cells, VEGF appears to be a highly specialized molecule selective for vascular endothelial cells. This 

35 suggests that the structural divergence between the product of sis protooncogene and VEGF was accompanied by a 
marked functional difference as well. 

The cDNA for VEGF is preceded by a classic signal peptide, indicating that VEGF is a secreted protein, in contrast 
to other endothelial cell mitogens such as aFGF, bFGF, and PD-ECGF. This strongly suggests that the presence of 
VEGF in the media conditioned by follicular cells represents a true secretory process and not the result of cell death 

40 or lysis. Thus, VEGF may potentially play a role as a soluble mediator of endothelial cell growth and angiogenesis. 
VEGF was found by Northern blotting to be encoded in follicular cells by a single 3.7 kb messenger RNA. 



Claims 

45 

Claims (or the following Contracting Slates : AT, BE, CH, U, DE, DK, FR, GB, IT, LU, NL, SE 

1. An isolated nucleic acid sequence comprising a sequence that encodes: a vascular endothelial cell growth factor 
50 having a molecular weight of about 45,000 daltons under non-reducing conditions and about 23,000 under reducing 

conditions as measured by SDS-PAGE, and having the amino acid sequence of the mature protein shown in Fig. 
2 or Fig. 10 or an amino acid sequence with at least about 80% homology with the amino acid sequence of the 
mature protein shown in Fig. 2 or Fig. 10, the growth factor possessing one or both of the biologicai properties of 
(a) promoting growth selectively of vascular endothelial cells or (b) cross-reacting immunologically with an antibody 
ss raised against at least one epitope of the corresponding native protein, provided, however, that such growth factor 

is not vascular endothelial cell growth factor of guinea pig. 

2. The sequence of claim 1 wherein the growth factor is bovine. 



19 



EP0 471 754 B1 



3. The sequence of claim 1 wherein the growth factor is human. 

4. The sequence of claim 1 that is a DNA sequence. 

5 5. A sequence according to claim 4 that encodes a polypeptide having an amino acid sequence with at least 80% 
homology with the amino acid sequence of the mature protein shown in Fig. 2 and having the biological property 
of promoting growth selectively of vascular endothelial cells. 

6. A sequence according to claim 5 encoding a polypeptide having an amino acid sequence with at least 90% ho- 
io mology with the amino acid sequence of the mature protein shown in Fig. 2 and having the biological property of 

promoting growth selectively of vascular endothelial cells. 

7. A sequence according to claim 6 encoding a polypeptide having an amino acid sequence with at least 95% ho- 
mology with the amino acid sequence of the mature protein shown in Fig. 2 and having the biological property of 

is promoting growth selectively of vascular endothelial celts. 

8. An isolated DNA sequence that hybridizes to the nucleotide coding sequence shown in Fig. 2 for mature bovine 
vascular endothelial cell growth factor following incubation therewith at 42°C in 50% formamide, 5X SSC, 50mM 
sodium phosphate pH 6.8, 0.1% sodium pyrophosphate, 5X Denhardt's solution, and 50g/ml salmon sperm DNA, 

20 and washing at 42°C with 0.2X SSC, 0.1 % SDS at 42°C, and which isolated DNA sequence encodes a polypeptide 

having the biological property of promoting growth selectively of vascular endothelial cells. 

9. An expression vector comprising the DNA sequence of any one of claims 4 to 8 operably linked to control sequences 
recognized by a host transformed with the vector. 

10. The vector of claim 9 that is a plasmid. 

11. A host cell transformed with the expression vector of claim 9. 
30 12. The host cell of claim 11 that is eukaryotic. 

13. The host cell of claim 12 that is mammalian. 

14. A method of producing a vascular endothelial cell growth factor, which method comprises culturing the cells of 
35 claim 11 to express the growth factor in the host cell culture. 

15. The method of claim 14 further comprising the step of recovering the growth factor from the host cell culture. 

16. The method of claim 1 5 wherein the growth factor is recovered from the host cell culture medium. 

40 

17. An isolated DNA comprising the nucleotide coding sequence shown in Figure 2 for mature bovine vascular en- 
dothelial cell growth factor. 

18. An isolated DNA comprising the nucleotide coding sequence shown in Figure 10 for mature human vascular en- 
45 dothelial cell growth factor. 

19. Human vascular endothelial cell growth factor that is unaccompanied by associated native glycosylate and that 
comprises the amino acid sequence of the mature protein shown in Fig. 10. 

so 20. Human vascular endothelial cell growth factor that is completely free of source proteins, and that comprises the 
amino acid sequence of the mature protein shown in Fig. 10. 

21 . A pharmaceutical composition useful for promotion of vascular endothelial cell growth comprising a therapeutically 
effective amount of the growth factor of claims 19 or 20 in a pharmaceutical^ acceptable carrier. 

55 

22. The composition of claim 21 further comprising another cell growth factor. 

23. The composition of claim 21 that is isotonic. 
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24. The com position of claim 21 that is sterile filtered. 

25. Use of the cell growth factor of any one of claims 1 9 or 20 in the manufacture of a medicament for treating trauma 
affecting the vascular endothelium. 

5 

26. A use according to claim 25 wherein another cell growth factor is also used in the manufacture of said medicament. 

27. A use according to claim 25 wherein the medicament is for the treatment of diabetic ulcers or of a wound of the 
blood vessels or heart. 

10 

28. A use according to claim 25 wherein the medicament is for administration to a human. 



Claims for the following Contracting State : ES 

1S 

1. A process which comprises producing an isolated nucleic acid sequence comprising a sequence that encodes: a 
vascular endothelial cell growth factor having a molecular weight of about 45,000 daltons under non-reducing 
conditions and about 23,000 under reducing conditions as measured by SDS-PAGE, and having the amino acid 
sequence of the mature protein shown in Fig. 2 or Fig. 10 or an amino acid sequence with at least about 80% 
20 homology with the amino acid sequence of the mature protein shown in Fig. 2 or Fig. 10, the growth factor pos- 

sessing one or both of Ihe biological properties of (a) promoting growth selectively of vascular endothelial cells or 
(b) cross-reacting immunologically with an antibody raised against at least one epitope of the corresponding native 
protein, provided, however, that such growth factor is not vascular endothelial cell growth factor of guinea pig. 

zs 2. The process of claim 1 wherein the growth factor is bovine. 

3. The process of claim 1 wherein the growth factor is human. 

4. The process of claim 1 wherein the sequence is a DNA sequence. 

30 

5. A process according to claim 4 wherein the sequence encodes a polypeptide having an amino acid sequence with 
at least 80% homology with the amino acid sequence of the mature protein shown in Fig. 2 and having the biological 
property of promoting growth selectively of vascular endothelial cells. 

35 6. A process according to claim 5 wherein the sequence encodes a polypeptide having an amino acid sequence with 
at least 90% homology with the amino acid sequence of the mature protein shown in Fig. 2 and having the biological 
property of promoting growth selectively of vascular endothelial cells. 

7. A process according to claim 6 wherein the sequence encodes a polypeptide having an amino acid sequence with 
40 at least 95% homology with the amino acid sequence of the mature protein shown in Fig. 2 and having the biological 

property of promoting growth selectively of vascular endothelial cells. 

8. A process which comprises producing an isolated DNA sequence that hybridizes to the nucleotide coding sequence 
shown in Fig. 2 for mature bovine vascular endothelial cell growth factor following incubation therewith at 42°C in 

45 50% formamide, 5X SSC, 50mM sodium phosphate pH 6.8, 0. 1 % sodium pyrophosphate, 5X Denhardt's solution, 

and 50g/ml salmon sperm DNA, and washing at 42°C with 0.2X SSC, 0.1% SDS at 42°C, and which isolated DNA 
sequence encodes a polypeptide having the biological property of promoting growth selectively of vascular en- 
dothelial cells. 

so g. A process which comprises producing an expression vector comprising the DNA sequence of any one of claims 
4 to 8 operably linked to control sequences recognized by a host transformed with the vector. 

10. The process of claim 9 wherein the vector is a plasmid. 

55 11. A host cell transformed with the expression vector of claim 9. 

12. The host cell of claim 11 that is eukaryotic. 
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1 3. The host cell of claim 12 that is mammalian. 

14. A method of producing a vascular endothelial cell growth factor, which method comprises cutturing the cells of 
claim 1 1 to express the growth factor in the host cell culture. 

5 

1 5. The method of claim 1 4 further comprising the step of recovering the growth factor from the host cell culture. 

16. The method of claim 1 5 wherein the growth factor is recovered from the host cell culture medium. 

io 17. A process which comprises producing an isolated DNA comprising the nucleotide coding sequence shown in Figure 
2 for mature bovine vascular endothelial cell growth factor. 

1 8. A process which comprises producing an isolated DNA comprising the nucleotide coding sequence shown in Figure 
10 for mature human vascular endothelial cell growth factor. 

1S 

19. A process which comprises producing human vascular endothelial cell growth factor thai is unaccompanied by 
associated native gtycosylation and that comprises the amino acid sequence of the mature protein shown in Fig. 1 0. 

20. A process which comprises producing human vascular endothelial cell growth factor that is completely free of 
20 source proteins* and that comprises the amino acid sequence of the mature protein shown in Fig. 10. 

21. A process which comprises producing a pharmaceutical composition useful for promotion of vascular endothelial 
cell growth comprising admixing a therapeutically effeclive amount of the growth faclor of claims 1 9 or 20 with a 
pharmaceutically acceptable carrier. 

2S 

22. The process of claim 21 wherein Ihe composition further comprises another cell growth factor. 

23. The process of claim 21 wherein the composition is isotonic. 

30 24. The process of claim 21 wherein the composition is sterile filtered. 

25. Use of the cell growth factor of any one of claims 1 9 or 20 in the manufacture of a medicament for treating trauma 
affecting the vascular endothelium. 

55 26. A use according to claim 25 wherein another cell growth factor is also used in the manufacture of said medicament. 

27. A use according to claim 25 wherein the medicament is for the treatment of diabetic ulcers or of a wound of the 
blood vessels or heart. 

40 2B. A use according to claim 25 wherein the medicament is for administration to a human. 



PatentansprOche 

45 

Patentanepruche fur folgende Vertragsstaaten : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

1. Isolierte Nukleinsauresequenz, die eine Sequenz umfaBt, die fOr folgendes kodiert: Wachstumsfaktor fur 
GefaRendothelzellen mit einem Molekulargewicht von ca. 45.000 unter nicht reduzierenden Bedingungen und ca. 

so 23.000 unter reduzierenden Bedingungen, bestimml mittels SDS-PAGE, und mit einer Aminosauresequenz des 

reifen Proteins, die in Figur 2 oder Figur 10 gezeigt ist, oder einer Aminosauresequenz mit mindestens ca. 80% 
Homologie zur Aminosauresequenz des reifen Proteins, die in Figur 2 oder Figur 10 gezeigt ist, wobei der Wachs- 
tumsfaktor eine oder beide der folgenden Eigenschaften besitzt: a) selektive Forderung des Vtechstums von Ge- 
faBendothelzellen oder b) immunologische Kreuzreaktion mit einem Antikorper, der gegen wenigstens ein Epitop 

55 des korrespondierenden Proteins gerichtet ist, jedoch vorausgesetzt, daG ein solcher Wachstumsfaktor nicht der 

Wachstumsfaktor fur Meerschweinchen-GefaBendothelzellen ist. 

2. Sequenz nach Anspruch 1 , worin der Wachstumsfaktor vom Rind stammt. 
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3. Sequenz nach Anspruch 1 , worin der Wachstumsfaktor vom Menschen stammt. 

4. Sequenz nach Anspruch 1, die eine DNA-Sequenz ist. 

s 5. Sequenz nach Anspruch 4, die fur ein Polypeptid kodiert, das eine Aminosauresequenz mit mindestens 80% Ho- 
motogie zur Aminosauresequenz des reifen Proteins, die in Figur 2 gezeigt ist, aufweist und die biologische Ei- 
genschaft besitzt. selektiv das Wachstum von GefaGendothelzellen zu fordern. 

6. Sequenz nach Anspruch 5, die fur ein Polypeptid kodiert, das eine Aminosauresequenz mit mindestens 90% Ho- 
io mologie zur Aminosauresequenz des reifen Proteins, die in Figur 2 gezeigt ist, aufweist und die biotogische Ei- 

genschaft besitzt. selektiv das Wachstum von GefaGendothelzellen zu fordern. 

7. Sequenz nach Anspruch 6, die f Or ein Polypeptid kodiert, das eine Aminosauresequenz mit mindestens 95% Ho- 
mologie zur Aminosauresequenz des reifen Proteins, die in Figur 2 gezeigt ist, aufweist und die biologische Ei- 

is genschaft besitzt, selektiv das Wachstum von GefaGendothelzellen zu fordern. 

8. Isolierte DNA-Sequenz, die mit der Nukleotid-Kodiersequenz hybridisiert, welche in Figur 2 fur den reifen Rinder- 
wachstumsfaktor f Or GefaGendothelzellen gezeigt ist, durch deren Inkubation bei 42°C in 50% Formamid, SxSSC, 
50 mM Natriumphosphat (pH 6,8), 0,1% Natriumpyrophosphat, 5x Denhardt-Ldsung, und 50 g/ml Lachsspermien- 

20 DNA und Waschen bei 42 B C mit 0,2x SSC, 0,1 % SDS bei 42*C und welche isolierte DNA-Sequenz fur ein Poly- 

peptid kodiert, das die biologische E igenschaft besitzt, selektiv das Wachstum von GefaGendothelzellen zu fordern. 

9. Expressionsvektor, umfassend DNA-Sequenzen nach einem der Ansp ruche 4 bis 8. die operabel mit Steuerse- 
quenzen verbunden sind, welche von einem Wirt erkannt werden, der mit dem Vektor transformiert ist. 

2S 

10. Vektor nach Anspruch 9, der ein Plasmid ist. 

11. Wirtszelle, die mit dem Expressionsvektor nach Anspruch 9 transformiert ist. 
30 12. Wirtszelle nach Anspruch 11, die eukaryotisch ist. 

13. Wirtszelle nach Anspruch 12, die eine Saugetierzelle ist. 

14. Verfahren zur Herstellung von Wachstumsfaktor fur GefaGendothelzellen, umfassend eine Kultivierung der Zellen 
35 nach Anspruch 1 1 , um den Wachstumsfaktor in der Wirtszellenkultur zu exprimieren. 

1 5. Verfahren nach Anspruch 1 4, weiters umfassend den Schritt der Gewinnung des Wachstumsfaktors aus der Wirts- 
zellenkultur. 

40 16. Verfahren nach Anspruch 15, worin der Wachstumsfaktor aus dem Wirtszellenkulturmedium gewonnen wird. 

17. Isolierte DNA, umfassend jene Nukleotid-Kodiersequenz, die in Figur 2 fur den reifen Wachstumsfaktor fur Rinder- 
GefaGendothelzellen gezeigt ist. 

45 18. Isolierte DNA, umfassend jene Nukleotid-Kodiersequenz, die in Figur 1 0 fur den reifen Wachstumsfaktor fur Men- 
schen-GetaGendothelzellen gezeigt ist. 

19. Menschlicher GefaGendothelzellenwachstumsfaktor, der nicht von assoziierter, nativer Glykosylierung begleitet 
ist, umfassend jene Aminosauresequenz des reifen Proteins, die in Figur 10 gezeigt ist. 

so 

20. Menschlicher GefaGendothelzellenwachstumsfaktor, der vollstandig frei von Ursprungsproteinen ist und der die 
Aminosauresequenz des reifen Proteins, die in Figur 10 gezeigt ist, umfasst. 

21. Pharmazeutische Zusammensetzung, die zur Forderung des Wachstums von GefaGendothelzellen geeignet ist, 
ss umfassend eine therapeutisch wirksame Menge des Wachstumsfaktors nach Anspruch 1 9 Oder 20 in einem phar- 

mazeutisch akzeptablen Trager. 

22. Zusammensetzung nach Anspruch 21 , worin die Zusammensetzung weiterhin einen anderen Zellwachstumsfaktor 
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umfaBt. 

23. Zusammensetzung nach Anspruch 21, worin die Zusammensetzung isolonisch ist 

s 24. Zusammensetzungen nach Anspruch 21 , worin die Zusammensetzung sterilfiltriert ist. 

25. Verwendung des Zellwachstumsfaktors nach einem der AnsprOche 1 9 Oder 20 zur Herstellung efnes Medikaments 
zur Behandlung von Traumata, die das GefaBendothel betreften. 

io 26. Verwendung nach Anspruch 25, worin zur Herstellung des Medikaments auch ein weiterer Zellwachstumsfaktor 
eingesetzt wird. 

27. Verwendung nach Anspruch 25, worin das Medikament zur Behandlung von DiabetesgeschwGren oder von Blut- 
gefaB- oder Herzwunden bestimmt ist. — 

15 

28. Verwendung nach Anspruch 25, worin das Medikament zur Verabreichung an den Menschen bestimmt ist. 



PatentansprQche f Or folgenden Vertragsstaat : ES 

20 

1. Verfahren, umfassend die Herstellung einer isolierten Nukleinsauresequenz, die eine Sequenz aufweist, die fur 
folgendes kodiert: Wachstumsfaktor fur GefaBendothelzellen mit einem Molekulargewicht von ca. 45.000 unter 
nicht reduzierenden Bedingungen undca. 23.000 unter reduzierenden Bedingungen, mittels SDS-PAGE bestimmt, 
und mit der Aminosauresequenz des reifen Proteins, die in Figur 2 oder Figur 10 gezeigt ist, oder einer Amino- 

25 sauresequenz mit mindestens ca. 80% Homologie zur Aminosauresequenz des reif en Proteins, die in Figur 2 oder 

Figur 1 0 gezeigt ist, wobei der Wachstumsfaktor eine oder beide der folgenden biologischen Eigenschaften besitzt: 
a) seleklive Forderung des Wachstums von GefaBendothelzellen oder b) immunotogische Kreuzreaktion mit einem 
Antikorper, der gegen wenigstens ein Eprtop des korrespondierenden Proteins gerichtet ist, jedoch vorausgesetzt, 
daB ein solcher Wachstumsfaktor nicht der Wachstumsfaktor fur Meerschweinchen-GefaBendothelzellen ist. 

30 

2. Verfahren nach Anspruch 1 , worin der Wachstumsfaktor vom Rind stammt. 

3. Verfahren nach Anspruch 1 , worin der Wachstumsfaktor vom Menschen stammt. 
35 4. Verfahren nach Anspruch 1 , worin die Sequenz eine DNA-Sequenz ist 

5. Verfahren nach Anspruch 4, worin die Sequenz fOr ein Polypeptid kodiert, das eine Aminosauresequenz mit min- 
destens 80% Homologie zur Aminosauresequenz des rerfen Proteins, die in Figur 2 gezeigt ist, aufweist und die 
biotogische Eigenschaft besitzt, selektiv das Wachstum von GefaBendothelzellen zu fordern. 

40 

6. Verfahren nach Anspruch 5, worin die Sequenz fur ein Polvpeptid kodiert, das eine Aminosauresequenz mit min- 
destens 90% Homologie zur Aminosauresequenz des reifen Proteins, die in Figur 2 gezeigt ist, aufweist und die 
biotogische Eigenschaft besitzt, selektiv das Wachstum von GefaBendothelzellen zu fordern. 

45 7. Verfahren nach Anspruch 6, worin die Sequenz fur ein Polypeptid kodiert, das eine Aminosauresequenz mit min- 
destens 95% Homologie zur Aminosauresequenz des reifen Proteins, die in Figur 2 gezeigt ist, aufweist und die 
biotogische Eigenschaft besitzt, selektiv das Wachstum von GefaBendothelzellen zu fordern. 

8. Verfahren, umfassend die Herstellung einer isolierten DNA-Sequenz, die mit der Nukleotid-Kodiersequenz hybri- 
so disiert, welche in Figur 2 f Or den reifen Wachstumsfaktor fOr Rinder-GefaBendothelzellen gezeigt ist, durch deren 

Inkubatton bei 42 a C in 50% Formamid, 5xSSC, 50 mM Natriumphosphat (pH 6,8), 0,1% Natriumpyrophosphat, 
5x Denhardt-Ldsung, und 50 g/ml Lachsspermien-DNA und Waschen bei 42°C mit 0,2x SSC, 0,1 % SDS bei 42°C, 
und welche isolierte DNA-Sequenz fur ein Polypeptid kodiert, das die biotogische Eigenschaft besitzt, selektiv das 
Wachstum von GefaBendothelzellen zu fordern. 

55 

9. Verfahren, umfassend die Herstellung eines Expresstonsvektors, der die DNA-Sequenzen nach einem der An- 
sprOche 4 bis 8, die mit Steuersequenzen operabel verbunden sind, welche von einem Wirt erkannt werden, der 
mit dem Vektor transformiert ist. 
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10. Verfahren nach Anspruch 9, worin der Vektor ein Plasmid ist. 

11. Wirtszelle, die mit dem Expressionsvektor nach Anspruch 9 transformiert ist. 
5 12. Wirtszelle nach Anspruch 11, die eukaryotisch ist. 

13. Wirtszelle nach Anspruch 12, die eine Saugetierzelle ist. 

14. Verfahren zur Herstellung von Wachstumsfaktor fOr GetaBendothelzellen, umtassend eine Kultivierung der Zellen 
io nach Anspruch 11 , um den Wachstumsfaktor in der Wirtszellenkultur zu exprimieren. 

1 5. Verfahren nach Anspruch 1 4, weiters umf assend den Schritt der Gewinnung des Wachstumsfaktors aus der Wirts- 
zellenkultur. 

is 16. Verfahren nach Anspruch 15, worin der Wachstumsfaktor aus dem Wirtszellenkufturmedium gewonnen wird. 

17. Verfahren, umf assend die Herstellung einer isolierten DNA, die jene Nukleotid-Kodiersequenz umfaGt, die in Figur 
2 fOr den reifen Wachstumsfaktor fur Rinder-GefaGendothelzellen gezeigt ist. 

20 1 8. Verfahren, umtassend die Herstellung einer isolierten DNA, umfassend jene Nukleotid-Kodiersequenz, die in Figur 
10 fur den reifen Wachstumsfaktor fur Menschen-GefaBendothelzellen gezeigt ist. 

19. Verfahren, umfassend die Herstellung von Wachstumsfaktor fur Menschen-GefaBendothetzellen, der nicht von 
assoziierter nativer Glykosylierung begleitet ist und der jene Aminosauresequenz des reifen Proteins umfaGt, die 

25 jn Figur 10 gezeigt ist. 

20. Verfahren, umfassend die Herstellung von Wachstumsfaktor fOr Menschen-GefaBendothelzellen, der vollstandig 
frei von Quellenproteinen ist und der die Aminosauresequenz des reifen Proteins, die in Figur 1 0 gezeigt ist, um- 
fasst. 

30 

21 . Verfahren, umtassend die Herstellung einer pharmazeutischen Zusammensetzung, die zur Forderung des Vtechs- 
tums von GefaBendothelzellen geeignet ist, umfassend das Zumischen einer therapeutisch wirksamen Menge 
des Wachstumsfaktors nach Anspruch 19 oder 20 zu einem pharmazeutisch annehmbaren Trager. 

35 22. Verfahren nach Anspruch 21 , worin die Zusammensetzung einen weiteren Ze II wachstumsfaktor umfaBt. 

23. Verfahren nach Anspruch 21 , worin die Zusammensetzung isotonisch ist. 

24. Verfahren nach Anspruch 21 , worin die Zusammensetzung sterilfiltriert wird 

40 

25. Verwendung des Zellwachstumslaktors nach einem der Anspruche 1 9 Oder 20 bei der Herstellung eines Medika- 
ments zur Behandlung von Traumata, die das GefaBendothel betreffen. 

26. Verwendung nach Anspruch 25, worin zur Herstellung des Medikaments auch ein weiterer Zellwachstumsfatctor 
45 eingesetzt wird. 

27. Verwendung nach Anspruch 25, worin das Medikament zur Behandlung von Diabetesgeschwuren oder von Blut- 
gefaB- oder Herzwunden bestimmt ist. 

50 28. Verwendung nach Anspruch 25, worin das Medikament zur Verabreichung an den Menschen bestimmt ist. 



Revendlcatlons 
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Revendlcatlons pour lea Etate contractants suivants : AT, BE, CH, LI, DE, DK, FR, GB, IT, LU, NL, SE 

1 . Sequence d'acide nucleique isolee comprenant une sequence qui code pour : un f acteur de croissance des cellu les 
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endotheliales vase u lair es ayant un poids moleculaire de 45 000 daltons environ en milieu non reducteur el de 23 
000 dattons environ en milieu reducteur tel que mesure par SDS-PAGE, et repondant a la sequence d'acides 
amines de la proteine mature indiquee a la Figure 2 ou la Figure 10 ou une sequence d'acides amines presentant 
au moins 80% environ d'homologie a la sequence cfacldes amines de la proteine mature indiquee a la Figure 2 
s ou la Figure 10, facteur de croissance possedant une ou chacune des deux proprietes biologiques survantes (a) 

de promouvoir de man i ere selective la croissance des cellules endotheliales vasculaires ou (b) de donner une 
reaction immunologique croisee avec un anticorps produit en reponse a au moins un epitope de la proline native 
correspondante, a la condition, toutelois, qu'un tel facteur de croissance ne sort pas le facteur de croissance des 
cellules endotheliales vasculaires du cobaye. 

10 

2. Sequence selon la revendicatbn 1 , dans taquetle le facteur de croissance est d'origine bovine. 

3. Sequence selon la revendicatbn 1 , dans laquelle le facteur de croissance est d'origine humaine. 

is 4. Sequence selon la revendicatbn 1 , qui est une sequence d'ADN. 

5. Sequence selon la revendicatbn 4, qui code pour un polypeptide dont la sequence d'acides amines presente au 
moins 80% d'homologie avec la sequence d'acides amines de la proteine mature indiquee a la Figure 2 et ayant 
la propriete bbbgique de promouvoir de maniere selective la croissance des cellules endotheliales vasculaires. 

20 

8. Sequence selon la revendicatbn 5, codant pour un polypeptide dont la sequence d'acides amines presente au 
moins 90% d'homologie avec la sequence d'acides amines de la proteine mature indiquee a la Figure 2 et ayant 
la propriete bbbgique de promouvoir de maniere selective la croissance des cellules endotheliales vasculaires. 

25 7. Sequence selon la revendicatbn 6, codant pour un polypeptide dont la sequence d'acides amines presente au 
moins 95% d'homologie avec la sequence d'acides amines de la proteine mature indiquee a la Figure 2 et ayant 
la propriete bbbgique de promouvoir de maniere selective la croissance des cellules endotheliales vasculaires. 

8. Sequence d'ADN isolee qui s'hybride a la sequence nucleotidique indiquee a la Figure 2 codant pour le facteur 
30 de croissance des cellules endotheliales vasculaires bovin mature apres tncubatbn de tetles sequences a 42° C 

dans du formamide a 50%, 5 x SSC, phosphate de sodium 50 mM pH 6,8, pyrophosphate de sodium a 0,1%, 5 x 
solution de Denhardt, et 50 g/ml cTADN de sperme de saumon, et lavage a 42°C avec 0,2 x SSC, SDS a 0,1%, et 
laquelle sequence d'ADN isolee code pour un polypeptide ayant la propriete bbbgique de promouvoir de maniere 
selective la croissance des cellules endotheliales vasculaires. 

35 

9. Vecteur d'expression comprenant la sequence d'ADN selon I'une quelconque des revendicatbns 4 a 8, liee de 
maniere fonctionnelle a des sequences de regulation reconnues par un note transforme avec le vecteur. 

10. Vecteur selon la revendication 9, qui est un plasmide. 

40 

11. Cellule-hole transformee avec le vecteur d'expression selon la revendication 9. 

12. Cellule-hdte selon la revendication 11, qui est d'origine eucaryote. 
45 13. Cellule-hote selon la revendication 12, qui est d'origine mammifere. 

14. ProcecJe de production d'un facteur de croissance des cellules endotheliales vasculaires, lequel precede comprend 
la mise en culture de cellules selon la revendication 11 en vue d'exprimer le facteur de croissance dans la culture 
de cellules-notes. 

50 

15. Precede selon la revendication 14, comprenant en outre I'etape d'isolement du facteur de croissance a partir de 
la culture de cellules-hdtes. 

16. Precede selon la revendicatbn 15, dans lequel le facteur de croissance est isole du milieu de culture de cellules- 
ss h6tes. 

17. ADN isole comprenant la sequence nucleotidique indiquee a la Figure 2, codant pour le facteur de croissance des 
cellules endotheliales vasculaires bovin mature. 
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18. ADN isole comprenant la sequence nucleotidique indiquee a la Figure 10, codant pour le facteur de croissance 
dss cellules endotheliales vasculaires humain mature. 

19. Facteur de croissance des cellules endothelials vasculaires humatn qui ne comporte pas de glycosylate natu- 
s relle associee et qui comprend ta sequence cfacides amines de ta proteine mature indiquee a la Figure 10. 

20. Facteur de croissance des cellules endotheliales vasculaires humain, qui est totalement exempt de proteines de 
source, et qui comprend la sequence d'acides amines de la proteine mature indiquee a la Figure 10. 

io 21. Composition pharmaceutique utile pour promouvoir la croissance des cellules endotheliales vasculaires compre- 
nant une quant ite th6rapeutiquement efftcace du facteur de croissance selon la revendication 1 9 ou 20 dans un 
v6hicule pharmaceutiquement acceptable. 

22. Composition selon la revendication 21, comprenant en outre un autre facteur de croissance cellulaire. ~ 

is 

23. Composition selon la revendication 21, qui est isotonique. 

24. Composition selon la revendication 21, qui a subi une filtration sterilisante. 

20 25. Utilisation du facteur de croissance cellulaire selon la revendication 1 9 ou la revendication 20, dans I'obtentkxi 
d'un medicament destine au traitement des affections traumatiques de I'endothSlium vasculare. 

26. Utilisation selon la revendication 25, dans laquelle un autre facteur de croissance cellulaire est utilise egatement 
pour I'obtention dud it medicament. 

25 

27. Utilisation selon la revendication 25, dans laquelle le medicament est destine au traitement des u Ice res athero- 
mateux du diabetique ou d'une lesion cardiaque ou dss vaisseaux sanguins. 

28. Utilisation selon la revendication 25, dans laquelle le medicament est destine a ('administration chez I'homme. 

30 

Revendication9 pour I'Etat contractant suivant : ES 

1 . Proceed qui comprend la production cfune sequence d'acide nucleique isolee comprenant une sequence qui code 
35 pour : un facteur de croissance des cellules endotheliales vasculaires ayant un poids moleculaire de 45 000 daltons 

environ en milieu non reducteur et de 23000 daltons environ en milieu reducteur tel que mesure par SDS-PAGE, 
et repondant a la sequence d'acides amines de la proteine mature indiquee a la Figure 2 ou la Figure 10 ou une 
sequence d'acides amines presentant au moins 80% environ d'homologie a la sequence cfacides amines de la 
proteine mature indiquee a la Figure 2 ou la Figure 10, facteur de croissance possedant une ou chacune des deux 
40 proprietes biotogiques suivantes (a) de promouvoir de maniere selective la croissance des cellules endotheliales 
vasculaires ou (b)dedonner une reaction immunologique croisee avec un anticorps produit en reponseaau moins 
un epitope de la proteine native correspondante, a la condition, toutefois, qu'un tel facteur de croissance ne soit 
pas le facteur de croissance des cellules endotheliales vasculaires du cobaye. 

45 2. Procecte selon la revendication 1 , dans lequel le facteur de croissance est d'origine bovine. 

3. Precede selon la revendication 1 , dans lequel le facteur de croissance est d'origine humain e. 

4. Precede selon la revendication 1 , dans lequel la sequence est une sequence d'ADN. 

so 

5. Procede seton la revendication 4, dans lequel la sequence code pour un polypeptide dont la sequence d'acides 
amines presente au moins 80% d'homotogie avec la sequence d'acides amines de la proteine mature indiquee a 
la Figure 2 et ayant la propriete biologique de promouvoir de maniere selective la croissance des cellules endo- 
theliales vasculaires. 

55 

6. Proced6 selon la revendication 5, dans lequel la sequence code pour un polypeptide dont la sequence d'acides 
amines presente au moins 90% d'homologie avec la sequence d'acides amines de la proteine mature indiquee a 
ta Figure 2 et ayant la propriete biologique de promouvoir de maniere selective la croissance des cellules endo- 
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th6liales vasculaires. 

7. Proc&te selon la revendication 6, dans lequel la sequence code pour un polypeptide dont ta sequence d'acides 
amines presents au moins 95% d'homotogie avec la sequence d'acides amines de la proteine rnatur indiqude a 

& la Figure 2 et ayant la propri6t6 biotogique de promouvoir de maniere selective la croissance des cellules endo- 

thelials vasculaires. 

8. Precede qui comprend la production d*une sequence d'ADN isolee s'hybridant a la sequence nucleotidique indi- 
qu6e a la Figure 2 codant pour le facteur de croissance des cellules endothdltales vasculaires bovin mature apres 

10 incubation de telles sequences a 42°C dans du formamide a 50%, 5 x SSC, phosphate de sodium 50 mM pH 6,8, 

pyrophosphate de sodium a 0,1%, 5x solution de Denhardt, et 50 g/ml d'ADN de sperme de saumon. et lavage a 
42°C avec 0,2 x SSC, SDS a 0,1%, et laquelle sequence cfADN isol6e code pour un polypeptide ayant la proprietd 
biotogique de promouvoir de maniere selective la croissance des cellules endothelials vasculaires. 

is 9. Precede qui comprend la production d'un vecteur d'expression comprenant la sequence d'ADN seton I'une quel- 
conque des revendications 4 a 8, Nee de maniere fonctionnelle a des sequences de regulation reconnues par un 
hdte transform^ avec le vecteur 

10. Proc6d6 selon la revendication 9, dans lequel le vecteur est un plasmide. 

20 

11. Cellule-hdte transformed avec le vecteur d'expression selon la revendication 9. 

12. Cellule-hote selon la revendication 11, qui estd'origine eucaryote. 
25 1 3. Cellule-hote selon la revendication 1 2, qui est d'origine mammif ere. 

1 4. Proc6d6 de production d'un facteur de croissance des cellules endothdliales vasculaires, lequel procedd comprend 
la mise en culture de cellules selon la revendication 11 en vue d'exprimer le facteur de croissance dans la culture 
de cellules-h6tes. 

30 

15. Precede selon la revendication 14, comprenant en outre I'etape d'isotement du facteur de croissance a partir de 
la culture de cellules-hCtes. 

16. Proc6d6 selon ta revendication 15, dans lequel le facteur de croissance est isole" du milieu de culture de cellules- 
35 notes. 

17. Precede" qui comprend la production d'un ADN isol6 comprenant la sequence nucleotidique indiqu6e a la Figure 
2 codant pour le facteur de croissance des cellules endothelials vasculaires bovin mature. 

40 18. Proc6d6 qui comprend ta production d'un ADN Isold comprenant la sequence nucleotidique indiquSe a la Figure 
10 codant pour le facteur de croissance des cellules endothelials vasculaires humain mature. 

19. Proc6d6 qui comprend la production de facteur de croissance des cellules endothelials vasculaires humain ne 
comportant pas de glycosylation naturelle associ6e et comprenant la sequence d'acides amines de la proteine 

45 mature indiqu6e a la Figure 10. 

20. Proc6d6 qui comprend la production de facteur de croissance des cellules endothSliales vasculaires humain to- 
talement exempt de protdines de source, et comprenant la sequence d'acides amines de la proteine mature tndi- 
qude a la Figure 10. 

so 

21. Proc6d6 qui comprend la production d*une composition pharmaceutique utile pour promouvoir la croissance des 
cellules endothelials vasculaires comprenant le melange d'une quantity th6rapeutiquement elficace du facteur 
de croissance seton la revendication 19 ou 20, avec un v6hicule pharmaceutiquement acceptable. 

ss 22. Precede selon ta revendication 21 , dans lequel la composition comprend en outre un autre facteur de croissance 
cellulaire. 

23. Precede selon ta revendication 21, dans lequel la composition est isotonique. 
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24. Proc6de selon ta revendication 21, dans lequet la composition a subi une filtration sterilisante. 

25. Utilisation du facte ur do croissance cellulaire selon ta revendication 19 ou la revendication 20, dans I'obtention 
d'un medicament destine au traitement des affections traumatiques de ('endothelium vasculaire. 

5 

26. Utilisation selon ta revendication 25, dans laquelle un autre facteur de croissance cellulaire est utilisd egalement 
pour Pobtention dud it medicament. 

27. Utilisation selon la revendication 25, dans laquelle le medicament est destine au traitement des ulceres athgro- 
io mateux du diab&ique ou d'une lesion cardiaque ou des vaisseaux sanguins. 

28. Utilisation selon la revendication 25, dans laquelle le medicament est destine a I'administration chez I'homme. 
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1 


CAGCGCTGAC 


GGACAGACAG 


ACAGACACCG 


CCCCCTGCCC 


CAGCGCCCAC 




CTCCTCCCCG 


GCCGGCGGCC 


GACGGTGGAC 


GLr-GCGGCGA 


GCCGCGGGCA 


101 


GGAGCCGGAG 


CCCGCGCCCG 


GAGGCGGGGT 


GGAGGGGGTC 


GGGGCTCGCG 




ACGTTGCCCT 


GAAACTTTTC 


GTCCAACTTC 


TGGGCTGTTC 


TCGTTCCGGA 


201 


GGAGCCGTGG 


TCCGTGCCGG 


GGCTGCCGAG 


CCGAGTGGCA 


CCGGGAGAAG 




TGCTCGCTCG 


GGCCGGGAGG 


AGCCGCAGTC 


GGAGGAGGGG 


GAGGAGGAAG 


301 


AAGAGAAGGA 


AGAGGAGAAG 


GGGCCGGGGT 


GGCGACTCGG 


CTCTCGGAAG 




CCGGGCTCAT 


GGACGGGTGA 


GGCAGCTGTG 


TGCACAGACA 




401 


CGCGCGCGCG 


CCCCAGGCCC 


TGGCCCGGGC 


CTCGGCTCCG 


AGAGGAAGAG 




GAGCCCGCCT 


GGGCGCCGAG 


GAGAGCGGGC 


CGCCCCGGAG 


CCCGAGCCGG 


501 


AGAGGGAGCG 


CGAGCCGCGC 


CGGCCCCGGC 


CAGGCCTCCG 


AAACC ATG 



M 

-26 

AAC TTT CTG CTC TCT TGG GTA CAT TGG AGC CTT GCC TTG 
NFLLSWVHWSLAL 

-20 

588 CTG CTC TAC CTT CAC CAT GCC AAG TGG TCC GAG GCT GCA CCC 
LLYLHHAKVSQA |A . P 
-10 -1 +T*j 

ATG GCA GAA GGA GGG CAG AAA CCC CAC GAA GTG GTG AAG 
MAEGGQKPHEVVK 
10 

669 TTC ATG GAT GTC TAC CAG CGC AGC TTC TGC CGT CCC ATC GAG 
FM DVYQRSFCRPIE 

a-H 

ACC CTG GTG GAC ATC TTC CAG GAG TAC CCA GAT GAG ATT 
TLVDIFQEYPDEI 
30 40 

750 GAG TTC ATT TTC AAG CCG TCC TGT GTG CCC CTG ATG CGG TGC 
EFIFKP SCVP L MR C 

50 

GGG GGC TGC TGT AAT GAC GAA AGT CTG GAG TGT GTG CCC 
GGCCNDESLECVP 
60 

831 ACT GAG GAG TTC AAC ATC ACC ATG CAG ATT ATG CGG ATC AAA 
TEEFNIT MQIMRIK 
70 80 

CCT CAC CAA AGC CAG CAC ATA GGA GAG ATG AGC TTC CTA 

PHQSQHIGEM SFL 

90 

FIG. 2-1 
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912 CAG CAT AAC AAA TGT GAA TGC AGA CCA AAG AAA GAT AAA GCA 
QHNKCECRPKKDKA 
100 no 

AGG CAA GAA AAT CCC TGT GGG CCT TGC TCA GAG CGG AGA 
RQEN P C GP C S E R R — " 

120 

993 AAG CAT TTG TTT GTA CAA GAT CCG CAG ACG TGT AAA TGT TCC 
KHLFVQDPQTCKCS 

130 

TGC AAA AAC ACA GAC TCG CGT TGC AAG GCG AGG CAG CTT 
CKNTDSRCKARQL 

140 150 

1074 GAG TTA AAC GAA CGT ACT TGC AGA TGT GAC AAG CCG AGG CGG 
ELNERTCRCDKPRR 

160 

TGA GC CGGGCTGGAG GAAGGAGCCT CCCTCAGGGT TTCGGGAACC 
0 

1161 AGACGTCTCA CCAGGAAAGA CTGACACAGA ACTACCCATA GCCGCCGCCA 

CCACCACCAC ACCACCACCA CCACCATCGA CAGAACAATC CTGAATCCAG 
1261 AAACCTGACA TGAAGGAAGA GGAGGCTGTG CGCAGAGCAC TTTGGGTCCG 

GAGCGTGAGG CTCCGGCAGA AGCATTCATG GGCGGGTGAC CCAGCACGGT 
1361 TCCTCTTGGA ATTGGATTGC CATTTTATTT CTCTTGCTGC TAAATCACCG 

AGCCCGGAAG ATTAGAGAGT TTTATTTCTG GGATTCCTGT AGACACACCC 
1461 ACCCACATAC ATACATACAT TTATATATAT ATATATATTA TATATATAAA 

AATAAATATA TATATTTTAT ATATATAAAA AAA 



FIG. 2-2 
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1 CAGTGTGCTG GCGGCCCGGC CCGAGCCGGC CCGGCCCCGG TCGGGCCTCC 
-26 

GAAACC ATG AAC TTT CTG CTG TCT TGG GTG CAT TGG AGC 
MNFLLSWVHWS 
-26 -20 

90 CTC GCC TTG CTG CTC TAC CTC CAC CAT GCC AAG TGG TCC CAG 
-15 LALLLYLHHAKWS Q 

-10 



GCTIGCA CCC ATG GCA GAA GGA GGA GGG CAG AAT CAT CAC 
A |A \ P MAEGGGQNHH 

-l +r* +5 +io 



171 GAA GTG GTG AAG TTC ATG GAT GTC TAT CAG CGC AGC TAC TGC 
13EVVKFMDVYQRSYC 
+15 +20 +25 

CAT CCA ATC GAG ACC CTG GTG GAC ATC TTC CAG GAG TAC 
HPIETLVDIFQEY 
+30 +35 

252 CCT GAT GAG ATC GAG TAC ATC TTC AAG CCA TCC TGT GTG CCC 
40PDEIEYIFKPSCVP 
+40 +45 +50 

CTG ATG CGA TGC GGG GGC TGC TGC AAT GAC GAG GGC CTG 
LMRCGGCCNDEGL 
+55 +60 +65 

333 GAG TGT GTG CCC ACT GAG GAG TCC AAC ATC ACC ATG CAG ATT 
67ECVPTEESNITMQ I 
+70 +75 +80 

ATG CGG ATC AAA CCT CAC CAA GGC CAG CAC ATA GGA GAG 
MRIKPHQGQHIGE 
+85 +90 

414 ATG AGC TTC CTA CAG CAC AAC AAA TGT GAA TGC AGA CCA AAG 
94MSFLQHNKCECRP K 
+95 +100" +105 

AAA GAT AGA GCA AGA CAA GAA AAT CCC TGT GGG CCT TGC 
KDRARQENPCGPC 
+110 +115 +120 

495 TCA GAG CGG AGA AAG CAT TTG TTT GTA CAA GAT CCG CAG ACG 
121 SERRKHLFVQDPQT 

+125 +130 

TGT AAA TGT TCC TGC AAA AAC ACA GAC TCG CGT TGC AAG 
CKCSCKNTDSRCK 
+135 +U0 +145 



FIG. 10-1 



44 



EP0 471 754 B1 



576 GCG AGG CAG CTT GAG TTA AAC GAA CGT ACT TGC AGA TGT GAC 
148ARQLELNERTCRCD 
+150 +155 +160 

AAG CCG AGG CGG TGA GCCGGGCA GGAGGAAGGA GCCTCCCTCA 
K P R R 0 
+165 

661 GGGTTTCGGG AACCAGATCT CTCACCAGGA AAGACTGATA CAGAACGATC 
GATACAGAAA CCACGCTGCC GCCACCACAC CATCACCATC GACAGAACAG 

761 TCCTTAATCC AGAAACCTGA AATGAAGGAA GAGGAGACTC TGCGCAGAGC 
ACTTTGGGTC CGGAGGGCGA GACTCCGGCG GAAGCATTCC CGGGCGGGTG 

861 ACCCAGCACG GTCCCTCTTG GAATTGGATT CGCCATTTTA TTTTTCTTGC 
TGCTAAATCA CCGAGCCCGG AAGATTAGAG AGTTTTATTT CTGGGATTCC 

961 TGTAGACACA CCGCGGCCGC CAGCACACTG 

FIG. 10-2 
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